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CXXIV.— TTic Oxidising Properties of Sulphur Dioxide. 
Part I. Iron Chlorides. 

By William Waiidlaw and Fuancis Heubekt Clews, 

As this paper has to deal with the reactions of sulphur dioxide and 
aetallio chlondes, it may be well to summarise our present know- 
ledge relative to this subject. The oxidation of stannous chloride 
by sulphur dioxide in the presence of concentrated hydrochloric 
acid has been shown (Smythe and Wardlaw, /'roc. Durham. Phil. 
Soc., 1914, 5, 187) to proceed quantitatively to completion 
according to the equation 

3SnClj+ S02-t6HCl = 3SnCl4 + 2H,0 + H,S. 

Sulphurous acid is reduced by titanous chloride to hyposulphurous 
acid (Knecht, Ber., 1903, 36, 166), and its further reduction to 
sulphur was noticed by the same investigator. Smythe and Ward- 
law {loc. at.) further proved that when sulphur dioxide is passed 
into a warm, strongly acid solution of titanous chloride hydrogen 
sulphide is freely evolved. Sulphur is formed by secondary reac- 
tion between the hydrogen suljihide and the sulphur dioxide, and 
if the escaping hydrogen sulphide is led into an excess of sulphur 
dioxide in conoentrated hydrochloric aci<l, the reaction which goes 
to completion may be quantitatively summariserl as follows ; 

3S0,-t 12TiCl3+ 12nCl = 12TiCl4 611.0 ^ 3S. 

The same authors {lac. ril.) have shown that sulphur dioxide 
oxidises mercurous chloride in the jirescnce of concentrated 
hydrochloric acid according to the equation 

SO., + 411C1 1 2IIgXl., = .lllgCl,, + 211,0 f S, 

In the same paper it was mentioned that in conoentrated hydro- 
chloric acid, ferrous chloride is oxidised by sulphur dioxide to ferric 
chlonde, with the formation of .sulphur. Xo sulphuric acid was 
elected in the solution. This reaction differed from those already 
quoted in that oxidation under the most favourable conditions 
proewded only to a limited extent, the average yield of ferric iron 
a all the experiments being 7 per cent, of the total iron present, 
e extremes being 4 and li e per wnt. In these experiments, 
rigid control was not exercised over the conditions of temperature’ 
nceiitration, etc., and it seemed desirable, therefore, that a 
■ eraa ic investigation of this reaction sliould be carried out 
VOL, OXVn, 
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Experimental. 

The general method of procedure was as follows. Pure electro- 
lytic iron was dissolved in pure ooiioeiitrated hydrochloric acid 
contained in a flask made entirely of glass, and such that the react- 
ing gases could be passed through the solution contained in it 
This was connected with wash-bottles containing water and sodium 
hydroxide solution respectively. These served to absorb the 
effluent sulphur dioxide and hydrogen chloride and to exclude air 
and so prevent atmospheric oxidation. The temperature of the 
flask was controlled by immersion in an oil-bath. A stream of 
carbon dio.xide was continuoualy passed through the apparatus 
during the solution of the metal. When the iron had completely 
dissolved, the flask was connected with a sulphur-dioxide syphon 
and the gas pa.-^3ed for a stated period. It was noticed that after 
the sulphur dioxide had passer! for a few minutes the solution 
changed to olive-green, then to reddish-brown, and Ijeeaine dis- 
tinctly opale.scent, owing to the separation of sulphur. After the 
reaction had proceeded for the rerpiircd time, the sul|)hur dioxide 
was displaced by carimn dioxide, the solution cooled in a stream of 
the same gas, and the iron titraterl, after suitable dilution with air- 
free water, with standard jiotassium dichromate according to 
Zimmermann and Ucinhardt’s method. The sulphur was 
determined by liltration and direct weighing. 


Quantitative .l.s/nrf of the Reaction. 


There are two possible reactions involveri, corresponding (a) with 
direct reduction of the sulphur dioxide to sulphur, and (/j) with 
initial reduction of the sulphur dioxide to hydrogen sulphide, which 
reacts with excess of sulphur dioxide, forming sulphur. Both 
reactions are represented, tlually, by the e<]uation 

SO., -■ 4HC1 -r 4KeCL = 4FeC'h, + + 8, 

so that it is impossible to decide (|uantitatively Ijetween the two. 
Moreover, owing to the fact that the limit of reaction has been 
shown to be so -oon reacbetl. the accurate estimation of the small 


quantitv of sulphur is very difficult. 

The following are examjdes of the results obtained by Smythe 


and Wardlaw {lor. lit.). 

Table I, 

Ferric iron 


Kxperi- Concent ration of produced, 

meat. ferrou-s srdutiun. Gram. 

1 ,5-S9:t xranis Fe per 100 c.c. 0-683 

4-408 " ., 200 c.c. 0-.392 

0 450 „ „ iOOc-c. 0-340 


Sulphur, 


Found. Calc. 

Gram, Gram. 

0-062 0-098 

0-040 0-056 

0-03S 0-048 


3 
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The oonolusion to be drawn is that the equation mentioned above 
represents the reaction. Prom general considerations, one is also 
led to infer that it undoubtedly follows the course {a). Although 
hydrogen sulphide has never been directly detected in the reaction, 
from the fact that sulphur is formed in the neck of the flask and 
in the outlet tubes, it is possible that the reaction follows the 
course (i) to a very limited extent. 


hiflutMt of Concentration of Total Iroti. 

A range of concentrations of iron was investigated by dissolving 
varying quantities of iron (1 — 10 grams) in 250 o.c. of concentrated 
hydrochloric acid. Sulphur dioxide was passed through the solu- 
tion for four hours at 110°. and the amount of ferric salt 
subsequently determined by titration. 

Table II. 

Expol'imont. 4. 5. ({. 7. 8. 

Griiiiia uf iron disuolvetl in 250 

c.c. (if ftoid I 5 7 10 

Ferric iron [XJr cent 5-3 4-2 3-4 3-3 3 6 

These results- tend to show that the limit of oxidation is not 
influenced by the initial conoentration of the iron. The (jonoen- 
tratioii of the hydrochloric acid is not exactly constant in these 
txperinients, owing to the varying losses of hydrogen chloride 
during the solution of the different quantities of metal, and this 
undoubtedly iuflueiices the degree of oxidation. 

Tablk hi. 

I/t/fuen-cf of Tcmixrature. 

Conffiifro-fion-. — Two grams of iron in 100 c.c. of concentrated 
hydrochloric acid. 

Uiiraiioii of Erjurirntnis. — Two and a-half hours. 


:3speriment 9. 10. 11. 12. 13. 14. 15. 

Teinperature 61* 70 79 93 115 125 pcMitly 

boiling. 

Ferric iron per cent..., 1-6 3-0 3-5 5-2 3-8 3 0 2 8 


The existence of an optimum teini>erat.ure (approximately 
IS the result of two or more opposing factor?. The reaction-velocity 
'^'ill be favoured by au increase in teJiiperature, whilst the higher 
temperature will lead to a more rapid loss of hydrochloric acid, 

T T 2 
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especially in the early stages of the reaction. It is also highly 
probable that' the solubility of the sulphur dioxide decreases with 
rise in temperature. 


Influence of the Concentmtufii of Hydrochloric Acid. 

The three following experiments are modifications of thoss 
described in table III with a view to change the concentration of 
hydrochloric acid. Values from table III are added for 
comparison. 

Table IV. 


Concentration . — Two grams of iron dissolved in 100 c.c. of 
concentrated hydrochloric acid. 


Duration of Experiment . — Two and a-half hours. 


Ex- 

peri- 

ment. Description. 


Tern- pprric iron 
tore.' Total iro .1 


X 


From 
Table III, 
100. Ferric iron, 
Per cent, 


16 Sulphur dioxide pa^ed through 

concentrated hydrochloric acid 
at 95® before being led into the 
ferrous ciiloride solution 05* 

17 Mixture of hydrogen chloride and 

sulphur dioxide (60 per cent, of 
HCl by weight)* ptwsed into 
ferrous chloride solution 115 

18 Carbon, dioxide passed through 

ferrous chloride solution ut 1 15® 
for 30 rtiinutes and then sulphur 
dioxide for 2^ hours 115 


7-8 


4-7 3'8 


13 3'8 


• In all cases the composition of gaseous mixtures of sulphur dioxide and 
hydrogen chloride will bo expressed by the percentage of each constituent 
by weight. 


The increased yields in experiments 16 and 17, and diminisbei 
yield in experiment 18, in which excess of hydrochloric acid is 
removed from the solution, show that the oxidising effect of sulphur 
dio.xide is only appreciable at concentrations exceeding that of the 
mixture of constant boiling point. 

Accordingly, in the next experiments (table V) iron was d& 
solved in hydrochloric acid diluted to the concentration of the 
mixture of constant boiling point, and a mixture of hydre^ea 
chloride and snljihur dioxide in different jiroportioiis passed in o 
the ferrous chloride solution. , 

The ratio of suljihur dioxide to hydrogen chloride was obsers' 
by diverting a small proportion of the gases, by means of a T-pi« 
while the experiment wa.s in progrees. The acid gases we 
absorbed in 50 e.c. of .V-sodiujn hydroxide, the chlonde being s 
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jequently titrated with standard silver nitrate and ammonium 
thiocyanate, and the sulphite with standard iodine and sodium 
thiosulphate. 


Table V. 

Cftficefitration. Two grams of iron dissolved in 100 c.c. of 
hydrochloric acid (22 per cent. HCl). 

Duration of ExjKriment . — Four hours. 

Temperature . — 115°. 



Percentage composition of 



mixed 

gases. 





Ferric iron 

Experiment. 

SO,. 

HCl. 

’J'otal iron 

19 

81*7 

18-3 

2-3 

20 

56-7 

43 3 

2-2 

21 

22-5 

77-5 

4-2 

22 

15-8 

84-2 

8-6 

23 

101 

89-9 

3-9 


The results show that for the conditions described in the above 
experiments there is a comparatively narrow range of composition 
between 10 and 20 per cent, of sulphur dio.vide which is most 
favourable for the oxidation of ferrous chloriile, a maximum being 
reached in the neighbourhood of IG per cent, of sulphur dioxide. 


Limitiufi Conrentmlion of II t/ihorhheric Arid for O.ridntion of 
Ferrous Chloride hij Sulphur Diotide. 

Since in dilute hydrochloric acid solution sulphur dioxide com- 
pletely reduces ferric chloride to ferrous chloride, there will be 


Table VI. 

Tamiieraiure. — 95*^. 

Duration of EiTperiment . — Four hour?. 

BoJution . — Five grams of iron dissolve<l in acid specified in 
columns 2 and 3. 


Experi- 

rnent. 

Concentrated 

hydrochloric 

acid. 

c.c. 

Water. 

c.c. 

Free HCl in 
1000 c.c. of 

solution. 

Gram. 

Rcmark.«. 

40 

160 

-f 

90 

210-6 

Little oxidation; about 0-5 
per cent. 

41 

HO 

+ 

110 

179-3 

Very little oxidation ; not 
measured. 

42 

130 

-b 

120 

16.5-8 

Minute oxidation as shown 
by sulphur deposit. 

43 

126 

d- 

126 

ia5-i 

No oxidation as shown bv 


sulphur deposit. 
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some concentration of acid below which it is impossible to ohserre 
the oxidation of ferrous chloride by sulphur dioxide. 

Iron was dissolved in acids of different concentrations, and the 
action of sulphur dioxide for four hours at 95° was observed. 

For the analysis, a portion of the solution was withdrawn 
weighed, and, after removal of the sulphur dioxide, diluted to 
convenient volume. The iron and total chloride were determined 
and from the difference the “free” hydrochloric acid was calcu 
lated. The specific gravity of the remainder of the solution was 
determined in order to state the concentration in grams per litrj 
(see table VI). 

It is concluded that oxidation by sulphur dioxide does not ocnn 
in ferrous chloride solutions containing less than 165 grams per 
litre of "free” hydrogen chloride. 


Imif of Oxiihtion of Ferrous Chlnritfr fiii Sitlplnir Dioriiie in 
Ifi/ifrochlorir Ariif Sofuiirm. 

(a) Erperimfots of Afmospherir Press, nr. —With the purpose 
of determining the limit of oxidation, use was made of a rather 
larger flask fitted with a water -coole<l exit tiil.'e, and containing an 
amount of solution sufficient to provide two samples for analvsis. 

Five grams of iron dissolved in 250 c.c. of concentrated hydro, 
chloric acid (33 per cent.) were treaterl with hydrogen chloride 
and sulphur dioxide at 11.5°, as described in the followiiis 
experiments. 

Tant.E VII. 


Timo of taking 
rtainpln from 


Experi- 


commence- 
ment, of 

Ferric iron , 

ment. 

De^criplion. 

experiment. 

Total iron ' 

24 

Hydrogen rhioride nnfl sulphur 
(80 and 20 [-mt cent . ) pa^^etl 
continuously into ferrous cltloride 

4 hours 

2'2 


solution. 

B „ 

.■i-0 

25 

Hydrogen ehlnride and sulphur 
dioxide (50 per cent.) parsed into 

4 „ 



ferrous ehloride goliition. 

^ .. 

4-1 

2fi 

Sulphur tlioxide alone for 

half an hour, then hydrncfon 
chloride and sulphur dioxi<le (50 

* M 

4-8 


per cent.) continuously. 

B .. 

4-7 

27 

Sulfdiur flioxiile ahme passed for 
half an hour, then hy<lnwn 
chloride and .sulphur dinxiilc (RO 


3-5 


and 20 per cent.) 


7-1 
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Table VII {coniimted). 

Time of taking 
sample from 
commence- 

Experi- , , mentof X 100. 

Description. experiment. Total iron 

og *Thc ferrous chloride solution was 

alternately cooled to 30® (I hour) 3 hours G-f) 

and then quickly raised to 115® 

(heated for 2 hours), hydrogen 

chloride and sulphur dioxide (50 0 „ 7-0 

per cent, of each) passed contin- 
uously). 

29 Experiment 28 repeated hut cooled 

for 1 hour and heated to 115® for 6 ,, 8-8 

1 hour. 

• This procedure enabled the solution to absorb a large amount of the 
at the lower temperatures. On rapidly raising the iempprature to 
115 ® the solubility values would not be attained immediately, and during 
this interval the temporarily increased concentration of hydrochloric acid 
and sul()hur dioxide would bo available for reaction with the ferrous salt. 

An oxidation of 8 8 per cent, (in experiment 29) is the highest 
obtained by the action of sulphur dioxide on ferrotJs chloride 
operating under a pressure slightly in excess of the atmospheric. 

(b) Krperinieiitti irifit Sealed Tuhts-.- X rather higher degree of 
oxidation was obtained by the use of a sealed lube. 

Kxpt. 30. — Half a gram of iron was dissolved in 10 c.c. of con- 
centrated hydrochloric acid in a Carius tul>e in a current of carbon 
dioxide. The tube was immersed in ice, the solution saturated with 
sulphur dioxide, and the tiil)e sealed. It was then heated at 100^ 
for six hoursi and allowed (o cool overnight. Titration showed that 
oxidation had occurred to the extent of 9'5 per cent., a value only 
slightly in excess of those obtained under normal pressures. 


limit of Rediietlan of Ferrie Chloride hp Sulphur Diojvh in 
Concentrafrd 11 pdroehforie And Solution. 

(a) T!.rperiment.< mulrr Atmoitphcrie -It is well known 

that excess of hydrochloric acid prevents the complete reduction of 
ferric chloride by sulphur dioxide (^Treadwell and Hall. Quanti- 
tative Analysis," i)th cd.. p. 607. footnote). It was not known, 
however, to what concentration of hydrochloric acid this referred 
or the extent to which ferric chloride wOvS reduces!. 

Since the reduction of ferric chloride in concentrated hydro- 
chloric acid was found to proceed slowly, mixtures of ferrous and 
ferric chlorides were prepared and their coinjjositions determined, 
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both before and after passing sulphur dioxide and hydrogen 
chloride (approximately 50 per cent, of each gas) for a definite 
time. By this means, the value to which the reduction would 
eventually attain was estimated. 


Table VIII. 

Concentration : — Five grams of iron in 250 c.c. of hydrochloric 
acid (33 per cent.). 
fern perat ure. — 115°. 

Gas. — S0.,+ HC1 (50 per cent, mixture). 




Ferric 

‘^■“"xioo. 

Reduction 


Duration. 

Total 

iron 

gradient 


of 

^ 

"S 

(average 

Experi- 

experiment. 

Initial 

Final 

reduction 

ment. 

Houra. 

value. 

value. . 

per hour). 

31 

40 

1000 

78-2 

5-4 

33 

4-0 

72-2 

G8-3 

0-98 

33 

6'3 

53-8 

48-5 

0-84 

34 

40 

421 

393 

0*70 

35 

60 

20-7 

183 

040 

36 

2-5 

18'3 

18-3 

— 

37 

5-6 

10-8 

10-7 

— 


Remarb. 
Sulphate formed 


No sulphate. 


No sulphur was formeil in any of the alxtve experiments. 
Apparently iron solutions containing more than 18’3 per cent, of 
ferric iron are slowly reduced by sulphur dioxide in the presence 
of concentrated hydrochloric acid. There seems also to be a range 
of from 10 to 13-3 per cent, of ferric iron in which there is no 
evidence of reduction or oxidation by the sulphur dioxide during 
the time of the exjteriments. Kvidently this represents a zone in 
which the rate of reaction of the sulphur ilioxide is very slow. 

The solution in experiment 37 was analysed, and it was shown 
to contain in 1 litre 239 grains of ‘ free” hydrochloric acid and 
0'314 gram of sulphur dio.xide. 

(b) Experiments in Sealed Ttthes . — Five grams of ferric chloride 
were dissolved in 10 c.c. of hydrochloric acid (33 per cent.), and 
the solution was saturated with sulphur dioxide at 0°. The tube 
was sealed and heated to 110° for four hours. Analysis showed a 
reduction of 20 6 per cent., and sulphuric acid was detected in the 
solution. A similar experiment after twenty-five hours at 110° 
gave only 22 3 per cent, of reduction. Apparently the high con- 
centration of hydrochloric acid which exists in a closed vessel 
inhibits the reduction by sulphur dioxide, just as a high concen- 
tration of acid appears also to favour the oxidation of ferrous 
chloride. 



PEOPERTIBS OP SULPHUR DIOXIDE. PART I. 


1101 


Reduction, of Ferric Chloride hy Sulphur. 

Stokes (Bull. U .S. Gtol. Survey, No. 186, 1901) has examined 
the action of pyrites and marcaaite on a hob dilute solution of ferric 
chloride, and observed reduction to a considerable extent (65 per 
cent, of the sulphur), the sulphur being oxidised to sulphuric acid. 
The present authors find that the action of sulphur in conoentrated 
hydrochloric acid on ferric chloride is slight. 

A solution of 5 grams of ferric chloride in 50 c.c. of conoentrated 
hydrochloric acid was boiled in an atmosphere of carbon dioxide 
for one and a-half hours. The reduction corresponded with O' 65 
per cent., the sulphur being oxidised to sulphuric acid. A solution 
of 3 grams of ferric chloride in 50 c.c. of concentrated hydrochloric 
acid to which 50 c.c. of colloidal sulphur solution were added, on 
boiling for one and a-half hours resulted in T7 |)er cent, of reduc- 
tion. Sulphuric acid was produced. Experiments on the lines of 
those shown in table VIII, in which a proportion of finely divided 
sulphur was added, showed that it exerted very little reducing 
action in comparison with the sulphur dioxide. 


Summary. 

(1) The oxidation of ferrous chloride by sulphur dioxide can be 
represented quantitatively by the equation 

dfeCh -t SO. -f 4IIC1 = 4FeCl3 + 2H.0 + S. 

(2) The degree of oxidation is independent of the initial 
concentration of total iron, 

(3) The most favourable tem])erature for the oxidation by 
sulphur dioxide of a solution of ferrous chloride in 33 per cent, 
hydrochloric acid is 95°, 

(4) Oxidation by sulphur dioxide at 95° does not occur in solu- 
tions of ferrous chloride containing less than 165 grams per litre 
of “ free ” hydrogen chloride. 

(o) A solution of ferrous chloride in hydrochloric acid of constant 
boiling point (22 per cent.) at 115° gave a maximum oxidation of 
8'6 per cent, (ferric iron) when treated with a mixture of sulphur 
dioxide and hydrogen chloride containing 16 per cent, of sulphur 
dio.xide. 

Mixtures containing 10 to 20 per cent, of sulphur dioxide are 
most favourable for oxidation under the above conditions. 

(6) The highest percentage of ferric iron obtained in any of the 
hask exjierimente recorded in this pa[)er was 8'8. This result was 
produced by treatment of a ferrous chloride solution in 33 per cent. 
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hydrochloric acid ab 115® with a 50 per cent, mixture of sulphm 
dioxide and hydrogen chloride under special conditions. 

(7) Sealed-tube experiments gave a maximum oxidation of 9-5 
per cent of ferric iron. 

(8) Iron solutions containing 10 to 18*3 per cent, of ferric iron 
in 33 per cent, hydrochloric acid at 115® showed no evidence of 
oxidation or reduction when a 50 per cent, mixture of sulphur 
dioxide and hydrogen chloride was passed into them for varyinir 
periods. 

(9) Under the same ex|)erimeiital conditions as in (8), iron 
solutions containing more than IS’3 per cent, of ferric iron were 
slowly reduced. 

(10) Ferric chloride in concentrated hydrochloric acid was 
reduced to a small extent by sulphur. 


Theoretical. 

The oxidation of a ferrous chloride solution by sulphur dioxide 
has been shown to be quantitatively represented by the equation 
4FeCL-S0,.-h4HCl = 4FeCl3.r2H.,0 + S ... (1) 
Moreover, since sulphur is able to reduce ferric chloride to some 
extent, it seems justifiable to assume that the above equation is 
reversible. 

4FeCU-FSO.-^ 4FeCl3-i -vS f 2H.0 ... (2) 

This fact is generally obscured, however, by the more general 
equation 

2FeCl3-^SO,..f 2n.p-2FeC'l..r2nCUH.S04 ... (3) 

Since no sulphuric acid is detected when a pure ferrous chloride 
solution is oxidised by sulphur dioxide in the presence of concen- 
trated hydrochloric acid, it can be a^umed that under these con- 
ditions the reaction that occurs is solely represented by equation (2). 
Moreover, seeing that su!j>hnric aci<l is only detected when sulphur 
dioxide in the presence of concentrated hydrochloric acid reacts 
with iron solutions containing more than 18‘3 per cent, of ferric 
iron, it appears that reaction (3) is only operative in such solutions, 

The idea that a reversible reaction takes place when pure ferrous 
chloride solution is oxidised by sulphur dioxide receives added sup* 
[>ort from the fact that only a limited yield of ferric salt is possible, 
anrl that the reaction is not greatly influenced by the initial con- 
centration of total iron. Apj)lying the law of mass action to 
equation (2), it apj^ears that for a given conoentration of sulphur 
dioxide and hydrogen chloride the equilibrium position would be 
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determined solely by the ratio of ferrous to ferrio iron, assuming 
that the active masses of the sulphur and water are constant. The 
importance of a high concentration of hydrogen chloride to bring 
about the oxidation also follows logically from the idea of a 
balanced reaction. 

The dependence of sulphur dioxide as an oxidising agent on a 
high concentration of hydrochloric acid has led to the suggestion 
that hydrochloric acid and sulphur dioxide interact, forming 
thionyl chloride to a small extent (Smythe and Wardlaw, loc. cit.). 
This idea receives support from the following reactions with the 
meroaptans : 

SOCI3 + 4R-SH = K5S., + B,S3 t H,p + 2HC1 
(Holmberg, Annalen, 1908, 359, 81), 

SOj[ + HCIJ + 4R-SH = B.iSo + R2S3 + 2U.iO[ + HCl] 

(Smythe and Forster, T., 1910, 97, 1195). 

On this assumption, the reaction 

SOCIj + HjO— SO., + 2HCl 

must be reversible. Although this has not been proved directly, 
there is some indirect evidence in that when thionyl chloride reacts 
with meroaptans at low temperatures (0° to -70'^), hydrogen 
chloride and snljihur dioxide are evolved, and water is found 
among the residual products (Tasker and Jones, T., 1909, 96, 
1904, 1910). In addition, the reactions of the sulphoxides and 
the haloid acids are to some extent analogous. 

CH3'SO'CjH,'CH3+2HBr — ClT3-SBr,-C3H,'CH3 + lIjO 

(Zincke and Frohneberg. Ber., 1910, 43, 837), 

(CH;Ph)2SO + 2HBr == (CIRPh)2SBrj f H.,0 
(Fromm and Raiziss, Anmthn. 1910, 374, 90; Fromm, lin/., 
1913 , 396, 75 ). 

From this idea, the question arises as to whether the oxidising 
properties of suljihnr dioxide are only operative in the presence 
of concentrated hydrochloric acid. Exi)erinient3 have been in 
progress to determine this point, and the results will be 
communicated in a further paper. 

The UxivKRsiTv. 

ISiriMlxcH.AM. [Rrcrivfd, dwynxl 12/A, 1920.] 


T T* 2 
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CXXV . — The Hydrolysis of Platinum Salts. Part /. 

Potassium Platinichloride. 

By Eben Henry Archibald. 

While carrying out a series of experiments on the solubility of 
potassium platinichloride (Archibald, Wilcox, and Buckley, 
J. Amer. Cheni. Soc.. 1908, 30, 747), it was noticed that this salt 
undergoes hydrolysis in aqueous solutions at the ordinary tempera- 
ture. Some time later, while studying the conductivity of some 
platinum compounds (Archibald and Patrick, ibid.^ 1912, 34, 
369), it was found that this hydrolytic decomposition proceeded 
much more rapidly when the solutions were exposed to the action 
of light. As the extent to which this reaction has taken place in 
any given time could be measured very accurately, whilst the rate 
at which it proceeded was sufficiently slow to allow of a number 
of measurements being made with any one solution — a condition 
that is satisfied by very few inorganic salts — it was thought worth 
while to make a somewhat extended study of the hydrolysis of this 
salt under different conditions as to (1) dilution; (2) the presence 
of other chlorides and neutral salts; (3) the reversibility of the 
reaction. 


Frevinti.1 Oln^eretitioiis rei/ardinr/ thi^ II>/dr(>!t/sig. 

The action of light on potassium platinichloride appears to have 
been first noted by Sonstadt (P.. 1898, 14. 25). He states that 
light has the same effect on very dilute solutions of the salt as 
heat. A solution containing 1 ])art of salt in 10,000 parts of water 
became turbid when heated for an hour or two. He observ'cd no 
effect in the case of more concentrated solutions, and seems to have 
judged the extent of the reaction from the appearance of the 
solution and the formation of a sediment, considered to be platinum 
moncKshloride. 

It is of interest here to refer to a letter of Sir John Hersc e 
to Dr. Daubeny, written in 1832 (I'hit. Hag.. 1832, [iii], 1, 58). 
This letter states that if a solution of platinum in mtromunatic 
acid in which the excess of acid has been neutralised by the atldi- 
tion’of lime, this being followed by filtration, is mixed with water 
in the dark, no precipitation Ukes place for a very long w le, 
but if the mixture is exposed to sunlight it instantly 
milky anri a copious precipitate forms. The writer of the Jette 
further showed that this effect was confined to the violet eii o 
the 3 {)ectrum, no action Uking plaoe when tubes containing 
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platinum solutions were immersed in red- or yellow-coloured 
solutions and then exposed to the sunlight. 

That light greatly accelerates the hydrolytic decomposition of 
platinum tetrachloride seems to have been generally recognised 
Kohlrausch found that the conductivity of aqueous solutions of 
this compound increased much more rapidly when under the 
influence of light than when kept in the dark. The presence of 
the platinum 6 ectrodes also increased the velocity of the reaction. 
Solutions of ohloroplatinic acid more concentrated than NIIO were 
apparently not affected by light. 


Experimental. 
rreptralion of Materials. 

Hydrochloric Add.-IU hydrochloric acid used was prepared 
by heating concentrated hydrochloric acid and passing the liberated 
gas into distilled water, the first and last parts of the distillate 
being rejected. 

Fotmium CAforidc.— Commercial potassium chloride was re- 
ciystallised several times from wafer saturated with hydrogen 
chloride finally from pure water. Portions so obtain^ were 
ivashed free of mother liquor and dried at a high temperature, 

Potamum PlahnMrruh .-\n preparing the chloroplatinio acid 
from which the platiiiichloride was obtained, platinum scrap was 
freed of surface impurities, then lioilee! for some time in concen- 
trated hydrochloric acid. The plalimim was then dissolved in 
aqua regia and the solution evaporated almost to dryness after 
adding concentrated hydrochloric acid. After again adding hydro- 
chloric acid and evaporating a second time, the residue was dis- 
solved in water contoining hy.lrochloric acid, and the platinum 
precipitaw from this by adding a solution of ammonium chloride 
The resulting ammonium platiiiichloride was collected in a Gooch 
fi ter WAshed with alcohol and water, and dried in an air-bath 
at a low temperature. The dry salt was then reduced by heating 
m a current of hydrogen, and the platinum-black formed was well 
washed in wat«r. 


In order to ensure the absence of any nitric acid from the final 
preparation, the platinum black was dissolved according to the 
e suggested by Welier (./. .Imrr. Chan.. Hoc., 1908, 30 291 
author (Zrilsch. nnory. Chem., 1910, 66 
anod» platinum-black is made the 

oontair * <1iameter, 

rodeTt"" hydrochloric acid as electrolyte. At the 

ami tt, * '*1°'?’’® attacks the platinum, fonniiig platinum chloride, 
resulting chloroplatinio acid falls to the bottom and can 
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be drawn off through a siphon sealed to the bottom of the main 
tube. The solution prepared in this way is somewhat diluted, and 
the platinum then precipitated by adding slowly a solution of a 
portion of the purified potassium diloride. The precipitated 
platiniohloride, after being washed and dried, is ready for use. 

A pporafns. 

The graduations on the pipettes and burettes were tested by 
weighing the water delivered, allowance being made for air-dis- 
placement and the temperature of the water. In the case of the 
flasks, a graduation mark was matle at that point on the stem at 
which the flask contained water sufficient to balance brass weights 
equal to the apparent weight of a kilogram or 100 grams, as the 
case might be, of water weighed in air at 20°. 

The weights were corrected by the method suggested by Richards 
(7. dmcr. f'hevi. Xoc., 1900, 22, 144). 


Method oj Mea-turing the Kstent of the Hydrolytic Action. 


As hydrochloric acid is formed as the hydrolysis proceeds, the 
rate at which the reaction takes place and the extent to which it 
has proceeded at any given time can be measured by titrating a 
known volume of the solution with a standard solution of an 
alkali, such as barium hydroxide. Among several indieaters tried, 
such as methyl-red, methyl-orange, cochineal, and phenotphthalcin, 
none appeared superior to phenolphthalein. The colour reaction 
with this substance was distinct and delicate. With the burettes 
employed in this work, the error in reading the volume delivered 
did not exceed 0 02 c.e., and this, with the strength of solution 
employed as standard, corresponded with 0 0000078 gram of 
hydrogen chloride. 

The solutions first studied contained ’jqq " -4 864 grams, 


K^PtCl, 

200 


2 '432 grams, 


K,PtCl, 
' 400“ 


= 1'216 grams, and 


KjPtCl, 

800 


0-6080 gram of potassium platinichloride in a litre of solution. 
In terms of equivalent gram -molecules of platinum chloride they 
were, respectively, .V'25, .V/50. .V/100, and iV/200. These solu- 
tions were prepared by weighing the required amount of salt in 
each case; the necessary water was added in the dark, and the 
solution carefully protected from the light until everything wss 
in readiness to begin a series of measurements. The velocity d 
the hydrolytic reaction was so low, even for the most concentrat 
solution studied, that the time required to dissolve the platinum 
salt need not be cxmsideresl in any of the measurements. * 
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initial aaidity was now measured— this was seldom equivalent to 
more than 0-05 c.o. of the standard for a 10-0 e,o. portion of the 
platinum solution. The vessels containing the solutions were then 
immersed in water-baths contained in glass tanks, and here exposed, 
it a certain distance, to the radiations from a 300-watt lamp! 
The temperature of the bath was maintained constant within 0'5° 
by means of a system of tubes, through which water circulated 
An ammeter reading to O'OOl ampere was placed in series with 
the lamp, and by means of a voltmeter the energy being used was 
measured at frequent intervals. From time to time, 10 c.o. por- 
tions of the platinum solutions were withdrawn by’ means of a 
pipette, and the acidity was titrated against the: standard alkali. 
The results obtained for the above four solutions are given below. 

The figures in the first column indicate the time, in minutes, 
during which the solution has been exposed to the light. The 
second column shows the numlier of c.c. of alkali necessary to 
neutralise a 10 c.o. portion of the platinum solution. The third 
column contains the weight, in grams, of hydrogen chloride formed 
in 100 0 , 0 . of solution. 


Table I. 


N/200-KoPtCIg Solution. 


Time, 

Bh(OH), 

HCI. 

[iiinutcj. 

solution, c.c. 

dram. 

5 

004 

0)KK)1.> 

20 

O'lO 

0tlOO39 

40 

0-14 

0-tKM»o4 

05 

0-20 

ooo(»:3 

125 

0-32 

0 00125 

215 

0-54 

0-00210 

205 

0'64 

0-<H>249 

400 

1'08 

0-<KU21 

580 

1-72 

OooOTl 

945 

2-34 


1730 

3-06 

001193 

2200 

3-30 

001287 

2900 

3-35 

00130.5 

N/50 

i-K^PtClj, Solution. 

Time, 

Ba{OH), 

HCI. 

minutes, 

solution, c.c. 

diain. 

40 

0-27 

0-0010.5 

60 

0-32 

0-U0125 

125 

0-51 

O-tHllOO 

240 

0-84 

000328 

430 

1-53 

000.5‘>7 

1035 

4-04 

0 01.58 

1030 

5-24 

0-0204 

1910 

2050 

.5-68 

5-86 

0-0222 

00229 

2400 

6-36 

0-0248 

2700 

8-45 

0-0252 


K. 100•K.,PlCl^; Solution. 


Time, 

Ba(0H)j 

HCI. 

minute!?. 

■solulioo, c.c. 

Gram. 

40 

0-20 ■ 

0-00078 

12.5 

0-40 

0-0015G 

20,5 

0-74 

000288 

410 

1-34 

0-00496 

580 

1-02 

000749 

955 

3-00 

0-0)174 

145.5 

3-<)« 

0-01544 

1810 

4-14 

001615 

llMKl 

4'20 

0-01638 

2150 

4 24 

001653 

275(t 

4-29 

0 01673 


X '‘J:) 

-K.,Pt.CV, 

Solution. 

Time. 

Ba[OH) 

, nci. 

niiuiilos. 

solution, t 

;.c. Gram. 

40 

U-32 

0-00125 

GO 

0-42 

000164 

125 

0-68 

0-0026.5 

240 

MO 

0-00429 

430 

1-88 

0-00733 

1035 

5-46 

0021.3 

1630 

7-24 

0-02S2 

1910 

8-12 

0-0317 

2280 

8-56 

00334 

2600 

8'70 

0-0339 
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These results' show that the different solutions reach a condition 
of equilibrium in almost the same time. The iV/ 200-solution 
attains a condition of maximum acidity some two or three hours 
after the most concentrated one. 

If we calculate the percentage of chlorine that has been set free 
from the platinum salt when equilibrium has been reached, we find 
that for the four solutions the values are, beginning with the most 


Fig. 1. 



oo oor-o poooo 

oo oooo ooooo 

Cl 'sO 00 O ■?! O 00 O N 


^ -- w N 

Time in minutfs. 

dilute solution, 74’7, 45'8, 3u'2, and 23'2 per cent, of the chlorine 
present as platinic chloride. 

The relationship between the time and the progress of the reac- 
tion is better shown by the curves of Fig. 1, where times are plotted 
as abscissae against volumes of barium hydroxide solution used for 
the titration. 

The first part of the curre shows nearly a straight line, that is, 
during the period that the first three-fifths of the reaction is taking 
place, indicating that the hydrolysis goes on at an almost constant 
rate for a considerable |)eriod of time. A velocity-constant for 
this part of the reaction may then be calculated by dividing the 
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amount of hydi%en chloride formed by the time and multiplvine 
by the dilution. 

There is an indication in the case of the two weaker solutions 
of what Goodwin (Zeitsch. phydkal. Chem., 1896, 21 , 1 ) has 
termed an induction period, during which the reaction ’prooeeds 
very slowly. This would suggest that some substance may be 
forming-a product of the reaction-that catalyses the reaction 
during its later stages. This point can he discussed to better 
advantage when considering the reaction that takes place in the 
dark. 

In order to show that the rate of the reaction is proportional to 
tie intensity of the light for a given source of light, the following 
measurements were made for .V/100- and . 17200 -solution 8 placed 
at a distance of 40 cm. from the source. The temperature and 
other factors were maintained the same as in the previous 
mejuuremente. 


N/ 200-iSWii 0V»i. nt 40 nn. 

N/lOO-.Ww/ion at 40 

Time, 

Ba(OH), 

Time, 

Ba(0H)i 

miniitep. 

solution, c.c. 

minutes. 

solution, c.c. 

220 

014 

123 

0‘lC 

40.) 

0-28 

263 

0-24 

58o 

0-48 

410 

040 

950 

0-70 

580 

0-64 

1741 

1-44 

933 

0-94 

2472 

2-24 

143.3 

1-68 


2- .30 

1810 

2-12 

4010 

270 

2570 

2-02 

.5153 

2-84 

3103 

3-48 


For the ssake of comparison, we may set clown opposite the volume 
of hydroxide solution necessary for the titration the time during 
which the solution was e.xposeil; the corresponding time for the 
solutions exposed at 20 cm. distance is also shown in the table, 
these values being taken from the curves of Fig. 1. 


Table III. 


BafOH), 

Time of oxposun’ 
for solution A^/200, 
minutes. 

Bft(CH), 
solution, c.c. 

Time of exposure 
for solution NjiOO, 
minutes. 

solution, c.c 

. At 20 cm. 

At 40 cm. 

At 20 cm. 

At 40 cm. 

0'14 

40 

220 

0 16 

35 

125 

0'28 

100 

40.3 

024 

30 

265 

0'48 

O'Tfi 

188 

585 

0-40 

123 

410 

300 

930 

0-64 

205 

580 

1'44 

510 

1741 

0-94 

313 

955 

2-24 

2-, "if. 

870 

2472 

I -68 

515 

1455 

1123 

3193 

2‘12 

640 

1810 

270 

1280 

4010 ! 

2-92 

025 

2370 

2-84 

2-92 

1460 

6135 ! 

3-48 

1175 

3165 

1553 

5663 ; 

400 

1600 

4105 



1 

4-10 

1860 

6685 
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These results show that at the beginning of tbb hydrolysis tie 
rate of the reaction is approximately proportional to the intensitv 
of the light. However, after the reaction has proceeded a certain 
distance — when about one-tenth of the total amount of hydroven 
chloride has been formed — the rate of the reaction for the solution 
at the greater distance is more rapid than the intensity law would 
predict. This is perhaps to be expected if the later stages of the 
reaction are influenced by a product formed during the hydrolysis 
It is worth noting that this change in rate occurs when practically 
the same anrount of hydrogen chloride has been formed in each 
solution. The final equilibrium point is apparently not affected 
by a change in the intensity of the light, as the titration is almost 
identical in the two cases. 

It will be of interest to record at this point the liehaviour of 
solutions of the platiniehloride when made up and kept in the 
dark. The solutions were protected from the light by wrapping 
the container in black paper and then enclosing it in a thick 
wooden box. blackened within and without. The following tables 
will show the results of these observations. In the preparation of 
the -V/ 25-solution the water had been very carefully distilled, and 
boiled again just l)efore using. The salt had been kept in the 
dark for several days before making up the solutions, and every 
precaution was taken to e.xclude light, both while preparinv the 
solutions and after. 

The voUime.s of solution and weights of hydrogen chloride are 
expressed in the units used before. 

T.aBLE IV. 


N;25 

KoPtCl,, in 

Dfirhtes-f. 

y .T)0-K.,PtCl„ In 

Dftrl'nes^, 

Time, 

Da(OH), 

HCI. 

Time. 

Bft(OH). 

HCI. 

houn4. 

solution, c.c. Cmms. 

hours. 

solution, e,c 

Gram. 

C3-3 

0-06 

0-00023 

08-3 

004 

O-OOOIC 

1620 

012 

0 00047 

162-0 

0-04 

0-00016 

3540 

0-28 


3i>40 

0-04 

0-00018 

5460 

0-60 

0-00236 

5460 

0 04 

0-00016 

937-0 

1-52 

0-00592 

16250 

0-28 

0-00110 

11200 

2-04 

0 <N>796 

2455-0 

0-44 

0-00173 

14400 

304 

0 01 185 

27550 

0-84 

0-00330 

1775 0 

4-94 

001927 

36620 

1-54 

0-01177 

21770 

7-14 

0027S5 

Amo 

6-04 

0-02355 

25150 

813 

0 0317 




2735 0 

8-46 

00330 




3090 0 

8-65 

00337 





In the case of the .V.'lOO- and .A',^20fl-soUition3, there was no 
indication that hydrolysis had even started after they had been m 
the dark for ai.s months. For the .V/25- and iV/ 50-solutions, the 
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results were as indicated. In the latter case, the hydrolysis had 
not proceeded far enough to be measured until approximately 
thirty days had elapsed. For the A725-solution, the reaction had 
proceeded to such an extent that it could be detected at the end 
of five days. The curves of Fig. 2, obtained by plotting the results 
of table IV, show much more distinctly the character of the 
''induction” period. This jjeriod becomes more extended and 
exagg^'rated as the solution becomes more dilute, until, for a solu- 
tion as dilute as A /lOO, jio hydrolytic decomposition whatever 
takes place over as extended a period as six months, It appears 



4-001 
3-50 .1 
3-00 I 

2 50 I 
2-00 ■ 
1-50 
1 - 00 ^ 
0-60' 


00 Ct '-5 

Tiiiw in minutes for r> action in liijht, in hours for reaction dark. 


strange, perhaps, that the more dilute solution? are the more stable. 
The oonoentration of the hydrogen and hydro.xy] ions has evidently 
little to do with the progress of the reaction, although it might be 
argued that these factors are practically constant for the different 
solutions, the proportion of water to salt being so large for all 
concentrations studied. 

The time required for the .V/2.n-solution to reach an equilibrium 
point in darkness is approximately one hundred times as long as 
"'hen exposed to the radiations of the SOO-watt lamp. For the 
A’/SO-solutions, the differeiiw in time is somewhat greater. 

It seems possible that for the more concent-rated solutions a 
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sufficient, although perhaps an exceedingly small, amount of sons 
substance — perhaps an hydroxy-salt — ^is produced when the salt ia 
first dissolved to catalyse the hydrolytao reaction, and, in the case 
of the ,V/25-3olution, to give the reaction an appreciable velocity 
almost at the beginning. The shape of the curves of Fig. 2 ia 
then more easily understood. The steep parts show the acceler- 
ating effect of the catalyst, in the absence of any effective radia- 
tions, in a very striking way. For the more dilute solutions, thia 
catalyst is not produced in couoeutrations high enough to affect the 
prepress of the reaction. 


The Reverse. Reactim. 

On testing the solutions to determine whether the reaction could 
be driven in the opposite direction, it was found that when 
potassium chloride, sodium chloride, or hydrochloric acid was added 
to a hydrolysed solution, the reaction proceeded in the opposite 
direction, either in the dark or in the light, the e.\tent to which 
the reverse reaction took place depending, in the case of any one 
solution, on the amount of chloride that had been added. The 
rate at which the reverse reaction proceeded was very much slower 
in the dark than in the light, as measurements given below will 
show. The eSect of platinmu-black on the reaction was also 
studied, as set forth in the tables. For this purpose, a strip of 
platinum foil was covered olcctrolytically with platinum-hlact, and 
this strip, after Ijeing thoroughly washed, was immersed in the 
solution to be studied. 


Taule V. 

Reverse Reactions in T.ivht: iV.MOO-KoPtCb. Solution. 



J/lO-KCl. 


Time, 

Ba(OH), 

HCI. 

minutes. 

solution, c.c. 

Gram. 

Initial 

4-29 

0-0167 

65 

3-40 

0 0133 

95 

308 

0 01 20 

255 

2-28 

OOOH9 

430 

l-oO 

00059 

620 

[-16 

0-(M||52 

775 

104 

0-00436 

1305 

0-82 

0-00320 

2070 

0-60 

000234 

2600 

0*56 

0 00218 


.T/20-KC1. 


Time, 

Ba(OH), 

HCI. 

minute. 

solution, c.c. 

Gram, 

Initial 

4-29 

0-01G7 

20 

3-90 

0-0152 

245 

2-56 

0-00998 

385 

206 

0-0080 

700 

1-62 

0-00 (i.l 

1175 

I -26 

0-0049 

1775 

MG 

0 0045 

2665 

MO 

0-0043 
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Table V. {cuntinueS). 


li /200-K2PtClj Solution. 



iV/lO-KCl. 


Time, 

Ba(OH), 

HCl. 

niiiiutes. 

solution, c.c. 

Grain. 

Initial 

3-35 

0-0131 

65 

2-86 

00112 

95 

2‘74 

00107 

265 

2-00 

0 0080 

430 

1-70 

00066 

620 

1-48 

0 0058 

775 

1-34 

0 0052 

1305 

1-04 

0-00405 

2070 

0-92 

0-00359 

4850 

0-59 

0-00230 

5600 

0-52 

0-00203 


11720-KCl. 


Time, 

Ba(OH)j 

HCl. 

minutes. 

solution, c.c. 

Gram. 

Initial 

3-35 

0-0131 

35 

3-00 

0-0117 

185 

2-54 

0-0099 

385 

1-98 

0-0077 

810 

1-46 

0-0067 

1205 

1-24 

0-0052 

1775 

M2 

0-0044 

2323 

1-08 

0-0041 

4850 

0-86 

000335 

5600 

0-70 

0-00273 


The reverse reaction is seen to take place at a comparatively 
rapid rate at the beginning, the amount of change being greater 
here, in a given time, than for the direct reaction. This is no 
doubt because the added salt has so greatly increased the concen- 
tration of the chlorine ion. Towards the end, however, the pro- 
gress becomes very slow, with the result that the time required for 
the reverse action to go to completion is much greater than the 
time necessary for the hydrolysis to take place. In the case of the 
.V/200-platinuni solutions, the time required for the reverse 
reaction is much greater than for the .V/lOO-solutions. 

The latter stage of the reaction tor the -V/lOO-potassium platiui- 
chloride-.V/ lO-potassium chloride solution is complicated by the 
fact that, as the potassium platinichloride is regenerated, the solu- 
tion becomes supersaturated with respect to this compound, and it 
crystallises out to a slight e.'itciit. This probably explains the 
crossing of the curves for the .V/10-potas«ium chloride solutions, aa 
shown ill Fig. 2. This also goes to show that the hydrolysed salt 
is slightly more soluble in potaasiiim chloride solutions than the 
normal compound. 

If the rate of the reveise reaction is e.vpressod according to the 
usual formula, using the results of the measurements, say, for the 
.V;200-potassium platinichioride-.V /10-potassium chloride solution, 
a constant is not obtained. The expression for a unimolecular 
reaction gives a value which continually diminishes, whilst the 
bimoiccular formula yields a continually increasing number. 

The results of measurements made on solutions reacting in the 
reverse direction in the dark are sliowii below in table VI. The 
effect of the addition of sodium chloride to the hydrolysed solution 
is also shown. 
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Table VI. 

Reverse Reactiotis in Darkmss. 
Potassium Chloride Added. 


AVoO-K^PtClj. .V/20-KC1. 


j A/200-K2PtCl„. 

A'/lO-KCl. 

Time, 

Ba(OH)a 

HCl. 


1 Time, 

Ba(OH)s 

HCl. 

hours. 

solution, c.c. 

Gram. 


hours. 

solution, c. 

c. Grain. 

Initial 

6-60 

0-0257 


i Initial 

3-35 

0-0131 

1-50 

5-32 

0 0208 


1 4-25 

3-22 

0-0120 

19-58 

4-98 

0-0194 


49-25 

2-60 

0-0102 

73-50 

4-32 

0-0169 


317-0 

1-98 

0-0077 

260-50 

3-34 

0-0130 


1973-0 

1-10 

0-0043 

601-50 

2-80 

0-0109 


3797 0 

0-90 

0-003.51 

1101-5 

2-38 

0-0093 


5957-0 

0-72 

0-00281 

1657-0 

2-10 

0-0082 


8693-0 

0-52 

0-00203 

2540-0 

1-84 

00072 





3096-0 

1-80 

00070 






A7200-K2PtCl, 

.V/-20-1CC1. 



Time, 

Ba(OH), 

HCl. 



hours. 

solution, c.c. 

drain. 



Initial 


3 35 

0-0131 



49-25 


•>. 

78 

0-0108 



817-0 


2- 

•)•> 

0-0087 



1973-0 


1-32 

0-00515 



3797 0 


M2 

0-00437 



59.57-0 


092 

0-00359 



S693-0 


0 

74 

0-00289 



SoiHum Chloride Added. 

Nim-Y.,yiC\. .V,10-XaCl. .V/200-KJ>tClo. .V/20-NaCl. 


Time, 

Ba(OH), 

HCl. 

Time, 

Ba(OH), 

HCl. 

hours. 

solution, c.c. 

(iratn. 

hours. 

solution, c.c. 

Gram. 

Initial 

3-35 

00I3I 

Initial 

3 35 

U-0131 

48 

2-62 

9 0192 

48 

2-94 

0-0115 

75 

2-42 

0-(M)94 

76 

2-82 

O-OllO 

1732 

1-34 

00052 

— 

— 

— 

3556 

I-IO 

n-00429 , 

3.5.56 

2-16 

0-0084 

5716 

0-8f) 

0<H>335 ! 

5716 

1-80 

0-0070 

8452 

0-5U 

0-00195 i 

84.52 

1-72 

0 0067 

12300 

0-29 

0-(XHt>9 i 

16828 

1-50 

0-0059 




20476 

1-20 

0-0047 


A/100-K.,PtCV 

A/lO-NaCI. 



Time, 


HCl. 



houra. 

sulutioa, 

C.C. 

dram. 



Initial 

4 29 


0-0167 



29 

3-98 


00165 



219 

3-42 


0-0133 



1296 

2-52 


0-0098 



2376 

2-16 


0-fX)84 



4488 

1-68 


000055 




PLATINUM SALTS. PAST I. 


1115 


These results show that the reverse reaction, brought about by 
the addition of a soluble chloride to the hydrolysed solution con- 
tinues in the absence of light until, for the more concentrated 
solutions, much the same equilibrium point is reached as in the 
case of the same reaction taking place in the light. For the more 
dilute solutions, the latter equilibrium point is past, the reaction 
wntinuing for approximately two years, by which time the 
hydrolysis has almost disappeared. 

The catalytic effect of platinum-black on the reverse reaction is 
shown by the results set forth below. In the first case, the solu- 
tions were exposed to the radiations from the 300-watt lamp, whilst 
the second series of results refers to the reaction taking place in 
the absence of light. In each case, these reactions were studied 
simultaneously with solutions kept under exactly the same 
conditions, except that no platinum-black was present. 


Table VII. 


Reverse Keaclioiu with and without riatinunv-Wack. 
In Light. 


V/lOO-KoPtClj. .V/20-KC1. 


With Platinum-black. Without Platinum-black. 


Time, 

13a(OH)j 

ItCI. 

minutes. 

solution, c.c. 

(Jruin. 

Initial 

4-29 

*0-0167 

20 

3-90 

o-oi:)2 

245 

2-56 

00100 

385 

2-OG 

00(»80 

700 

1-62 

O-U062 

llTf. 

1-2G 

t>(>040 

1775 

MO 

0(K)4.> 

2065 

MU 

0 0043 



HCl. 

solution, c.c. 

Gram, 

4-29 

0-0167 

3-90 

0-0152 

2-56 

0-0100 

2-06 

0-0080 

1-62 

0-0063 

l-2l> 

0 0049 

M6 

00045 

MO 

0-0043 


In Darkuf^s. 

V/100-K..PU'l^. .V/20-KC1. 


With Platinum-black. 


Without Platinum-black. 


Time, 

hours. 

Initial 

28-73 

211I-7 

12960 

2376-0 

4488-0 

8376-0 


Ua(OH), 
-solution, c.c. 
4-29 
3-72 
2-84 
1-80 
1-36 
M4 
1-02 


HCl. 

Bti(OH), 

HCl. 

(•rani. 

.‘iolution, c.c. 

Gram. 

0 0167 

4-29 

0-0167 

0-0145 , 

3-88 

0-0151 

0-011 1 : 

3-52 

0-0137 

0-0070 i 

2-36 

0 0092 

0-0053 1 

2-02 

0-0079 

0-0045 i 

1-54 

0-0000 

0 0040 1 

i-30 

0-0051 
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It is apparemt that the effect of the platinum-black is not great 
enough to show when the reaction is taking place at a relatively 
rapid rate before the lamp, but it is quite noticeable when the 
reaction is proceeding slowly in the dark. 

A few results will show the effect of the presence of a neutral 
salt, such as potassiiun nitrate, in the solution undergoing 
hydrolysis. The values from measurements of two solutions are 
given. 


Table VIII. 


Direct Reaction with Potassinin Nitrate. 


A'/200-K2PtCl5. 

.V/20-KNO3. 

i A 7200 -K 2 PtCl. 

iV/lO-KNO; 

Time, 

Bft(OH) 

, HO. 

Time, 

Ba(OH), 

HCl. 

minutes. 

solution, ' 

c.c. Cram. 

i minutes. 

solution, o.c. Gram. 

Initial 

0-00 

— 

Initial 

0-00 

0-0000 

100 

0-20 

0-00078 

iOO 

0-22 

0-00086 

175 

0-40 

0 00156 

190 

0-46 

0-00179 

360 

0-78 

000304 

225 

0-58 

0-00226 

465 

l«00 

0 00390 

315 

0-84 

0-00328 

665 

P44 

000562 

605 

1-52 

0-00592 

850 

1-86 

000725 

800 

1-91 

0-00745 

1380 

2-66 

0-0104 

1215 

2-40 

0-00936 

1775 

2-92 

0 0114 

1775 

2-90 

0-0113 

2020 

304 

0-0119 

2020 

3-08 

0-0120 

2050 

3*28 

0-0128 

2650 

3-26 

0-0127 

3000 

344 

0 0134 

3000 

3-40 

0-0133 


These results show that whilst potassium nitrate has a 
retarding effect at the beginning or the reaction, the acidity of 
the solution finally reaches just as high a value as in the absence 
of the neutral salt. The total time required for the reaction to 
reach an equilibrium point is but slightly greater when the 
potassium nitrate is present. In agreement with the retarding 
effect of the nitrate is the fact that the solution which contains the 
greater amount of neutral salt lags slightly behind the other. 

As stated above, it appears from the results in table I that a 
substance may be formed from the hydrolysis which acta as a 
catalyst of the reaction, inoreasing the speed very perceptibly 
during the first half of the decomposition. This point was further 
tested, as follows. Two solutions were prepared in the samo 
manner, of equal concentration as regards platinum salt, whilst one 
contained 1 c-c. of dilute hydrochloric acid. They were then 
exposed at the same tenqjeraturo and at the same time to the 
radiations from the lamp, at equal distances from the source. 
Measurements of the acidity of the solutions were then made at 
frequent intervals. The results failed to show any acceleraUng 
influence whatever on the part of the hydrochloric acid. ® 
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reaction neo^arily did not proceed so far in the solution conUinin? 
the added chlonne ions, but this was the only eSect noticed. 

AnotJher expenment with the same object in view was made as 
follows. Two solution of the platinum salt were prepared one 
A/lOO, the other iV/400. These were exposed to the light ’until 
partly hydrolysed, then placed in the dark. The acidity of the 
more concentrated solution was measured after twenty days and 
the measurement showed that the hydrolytic reaction had’ con- 
tinued until the usual equilibrium point had been reached. In the 
case of the il^/400-solution, a measurement was made after thirty 
days, but the rise in acidity, if any, was so small that it could not 
be detected with certainty. After thirty-eight days more, the result 
of another measurement indicated that the hydrolysis was proceed- 
ing, but very slowly. A 10 c.c. portion, which neutralised 0'88 c.c. 
of alkaline solution when first placed in the dark now required 
0 98 0 . 0 . The next two months brought no perceptible change in 
this solution, and sixteen months after it had been placed in the 
dark a 10 o.c. portion rcquirerl only MO c.c. of hydroxide solution 
Another iV/400-solution, made up at the same time as this one, but 
cover exposed to the light, showed no indication of any hydrolytic 
action after sixteen months. It would seem as if a certain mn- 
centration of the catalytic reagent was necessary before the 
hydrolysis will proceed. In the case of the -V/lOO-solution that 
had been exposed to the light, Ihi.s concenlrafion had apparently 
just lieeii reached before the solution was placed in the dark. 

It was not expected that t^e accelerating influence of platinum- 
black would be sufficiently great to lie noticed in a solution under- 
going hydrolysis before the light. I|. was thought worth while, 
however, to measure this effect on solutions reacting in the dark. 
Accordingly, two solutions were carefully prepared, each A725. 
In one was placed 0 05 gram of platinum-black. Both solutions 
were placed in the dark and measured from day to day. After 
three days, 10 c.c. of one solution neutralised 0-06 of alkali solu- 
bon, whilst the same volume of the one conUining the platinum- 
back required 0-25 c.c. After five days, the corresponding volumes 
0 alkali solution were 0-06 c.c. and 0 45 c.c. The effect, of the 
platunim-black was very evident both in starting the hydrolysis 
and 111 accelerating the reaction. 

Another experiment, almost identical with this one, was made 
y a ding 5 c.c. of an 3 /‘J5-solutioa conipietely hydrolysed to a 
y prepared A/ 100-solution, and placing this in the dark. The 

Ilk ^ solution was now 0'98 c.c. of 

abi after two months, the volume of alkali required for a 
portion was 2-32 ac., showing that a sufficient amount of 
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the accelerating substance had been added to cause the hydrolygij 
to take place. 

The effect of the temperature on the rate of the reaction and 
the extent of the hydrolysis received some attention. It was first 
ascertained whether a solution which would not undergo hydrolysis 
in the dark at the ordinary teinjieratnre would hydrolyse if kept 
at 80°. An it'/lOO-solution was tested in this way. The titration 
for a 10 c.c. portion of this solution was 0 04 o.o. at 20°. After 
being kept in the dark at 80° for three hours, the corresponding 
titration was 0T6 c.c. On cooling to 20°, still in the dark, the 
titration fell to O'OS c.c. After lieing kept in the dark at 80° for 
another period of three hours, a lO'O c.c. portion again required 
O' 16 c.c. of alkali. In the absence of light, the temperature has 
little, if any, influence on the hydrolysis. The same conclusion is 
drawn from a comparison of the rate of the reaction taking place 
at 25° with that at 35°. The variation here is only manifest 
toward the end of the reaction, when the difference in the equih 
ibrium point — a greater degree of hydrolysis at the higher 
temperature— is sufficient to show iu the final readings. 

For the ]>urpose of ascertaining to what extent the hydrolysis 
would be increased liy a rise in temperature, three solutions were 
exposed to the radiations of the 300-watt lamp at a distance of 
20 cjn.| the water-bath being maintained at the temperature shown 
below. From time to time, 10 e.e. portions of the platinum solu- 
tions were withdrawn and titrated, the light being continued at 
any one temperature until equilibrium had been attained. 

Table IX. 


Effect of Temperature on the llyifrolyih. 


.V; 

’100-K,PtClf,. 

’ .V 50- 

KnPtCt, 1 

i J/25-K 

:oPtci,. 

Tom. 

Ba(OH), 

HCl 

i Ba(OH), 

HCl 

Ra(OH}. 

HCl 

pora- 

solution, 

(lOOc.c.). 

j S4>lution, 

(100 c.c.}. 

1 solution. 

(100 o.,e.), 

ture. 

c.c. 

dram. 

1 c.c. 

Orum. i 

i c.o. 

Gram. 

20® 

4-29 

+0-0167 

G-45 

+0-0252 

8-70 

+0-0339 

50 

5-24 

+0-0204 

7 4.5 

+ 0-0201 i 

10-16 

+ 0-0391) 

80 

5*90 

+00230 

8-20 

+0-0319 

11-06 

+0-0431 


If we express the increase in the acidity of these solutions as 
percentages of the values at 20° we obtain the following coefficients 
for temperatures lietween 20° and 80°: 5/100 0'62, .V/50 0 , 
A’ /25 0'45 per cent. 

These coefficients are not very different for the several conce^ 
tratfons studied. From the amount of hydrogen chloride 
at 80°, we find that for the A'/lOO-solution 63 per cent, o 
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If we represent by chemical 
hydrolytic deoompoeition of the 
,V/ 25-solution the equation 


ecpiations the several stages of the 
platinum salt, we find that for the 


KjPtClj + H,0 - 2K' -I- PtClj(OH)" + H' + CP 


indicates pretty closely the extent to which the hydrolysis has taken 
place, whilst for the /V/50 solution the expression 


2 K 2 PtCI„ + 3H,,0 = 4K' + PtCl 5 (OH)" -i- PtCl,(OH)'' + 3H' -h 3CP 
would represent more nearly the condition of the solution When 
the solutions are as dilute as .V/100 or JV 72 OO, the respective 
equations would be ' 

KoPtCl^ -t- SHnO 2K‘ + PtCl,(OFI) 2 " -h 2H' + 2C1‘ 

and 

K.,PtCI„-h3H„0 = 2 K’ + PtCl,,( 0 }l)/ + 3 H’ + 3 C 1 ', 

The above equations correspond with a temperature of 20®. At 
higher temperatures, the decomposition of the salt is more nearly 
oomplete. which is in agreement with the fact that when a dilute 
solution of {he |)latinichloride is Ixiiled in the light, an insoluble 
substance is deposited. 

Obviously the possibilities of thi? hydrolytic action should be 
kept in mind when making a determination of potassium by means 
of this salt; if a solution of the platinicliloridc is bcin^ evaporated, 
a sufficient amount of hydrochloric acid must be present to prevent 
the hydrolysis taking place, whilst if the salt is being precipitated, 
hydrochloric acid must again tje present to ensure the formation 
of the normal compound. 

Potassium platinibromide shows some interesting features not 
noticeable in the case of the platinichloride. and it is hoped to 
submit soon a communication dealing with this compound. 


Summari/. 

It- has l>een shown that solutions of potassium platinichloride 
undergo hydrolysis when txpose<l to the action of light. 

If the solution is as concentrated as *V/50. this hydrolysis will 
Wgin and will l>e completed in the dark; for a .V/ 100-solution or 
one more dilute, no decomposition takes place when light is 
excluded. 

A substance is former! by the hydrolysis which catalyses the 
reaction, and will initiate the decomposition in a newly prepared 

solution. 

The addition of a so-hihle chloride to the hydrolysed solution 
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oaiis€a a complete reversal of the reaction, shewing that the 
substances formed during the direct reaction are soluble. 

The reverse reaction is influenced by light in much the same way 
as the direct. The complete reversal of a solution as dilute as 
iV/200 requires nearly two years. 

A neutral salt has a slight retarding effect on the direct reaction 
but does not influence the equilibrium point. 

The accelerating influence of platinum-black on both the direct 
and reverse reactions is quite noticeable when these reactions are 
taking place in the dark, but is not measurable when light is acting 
on the solutions, 

Chemical Laboratory, 

University of British Columbia, 

Vancodver, Canada. [/Jrrfjvcd, July 23rd, 1920.] 


eXXVI . — Studies in Calahjsis, Part XIV. The 
Mechanism of the Inversion of Sucrose. 

By Catherine Maroaret Jones and William Cudmore 
McClllaoh Lewis. 

In connoxion with the investigations carried out in this laboratory 
on the chemical reactivity of molecular and ionic species from the 
point of vieAV of the radiation hypothesis, it was found nece&sary, 
in one section of the work, to make a series of determinations ot 
velocity-constants in the case of a few familiar reactions, such as 
the inversion of sucrose, with the object of studying more particu- 
larly the influence of change of enviroiunent on the rate of the 
reaction. The principle of mass action, in its usual formulation, 
affords no information of an a priori kind regarding the effect of 
environment. It is hojied that the radiation hypothesis may be 
of assistance in this coiine.xion (compare Lewis, Scientia, 1919, 
25). As a preliminary, it is necessary to possess as clear a view 
as possible of the actual material mechanism of the selected reac- 
tion in order to be able to proceed with some degree of confidcncs 
to the further problems involved in alterations of material and 
temperature environment. The inversion of sucrose is a reaction 
particularly suitable for the pur]>ose in view in so far as precision 
of measurement is concerned. Further, this reaction has been 
frequently investigatoil, but, in spite of this, the inversion process 
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obviously require* further inveetigatien, more partieularly as 
regards the way m which the hydrogen ion enters into the prLs. 

The pr^t re^rch was imderUken primarily for this purpose 
As will be the experimental measurements consist on the me 
hand of determinations of reaction velocities, and on the other of 
detenninations of the average (geometric mean) activities of the 
hydrogen ions, obtained by the electrometric method In agree- 
ment with the conclusion already reached by Hamed U Amer 
1918, 40 146^in connexion lith oj reX:* 
cit^ysed by ions, it has been found that the activity of the 
hydrogen ion ^ defined by G. N. Uwis, is the determining factor 
for he rate of the ruction. This conclusion is of great importance 
as It not only indudes to a certain extent the phenomenon known 
as the solvent displacement effect, but also, as pointed out bv 
Harned, appears to exclude the necessity of ascribing any catalytic 
influence to the undissociated molecule of the acid. In order to 
obtain data which could be employed for various kinds of calcula- 
tion, care has been taken to determine the amounts of all oon- 
stitueiite, water included, in known volumes of the various 
solutions. 

As will be shown later, the most probable material mechanism of 
the inversion reaction is that expressed by BH' - 1 - 11,0 — ^ 
dextrose -hlasvulose. That is, the reaction is a true bimolecular 
one, between a molecule of water and a complex ion, formed by the 
addition of hydrogen ion to the sucrose molecule. 


Ex PEUIMEN lAL. 

Jieootion I ctooti/ Meiuoirf merits. 

The rate of inversion of sucrose was carried out in the ordinary 
manner with the usual iirccautioiis at 20®, 30°, 40°, and 50° in 
the presence of .V/10-siilphiiric acid, the initial coiiwntration of 
sucrose being varied oi-er a wide range, namely, from 10 to 70 per 
rent in order to bring into proiiiineiice any effect produced by the 
teplawnieiit of the solvent, water, the volume of the various solu- 
ions being maintained eon^tant. All determinations were carried 
0^ ill duplicate, and satisfactory uniniolecular velocity-constants 
Were obtained throughout the entire range examined. To save 
space, the mean values only of the oliserved velocity-constants, 
W erred to the base e and in seconds as well as the initial 
wncentratioiis of sucrose and water, are given in the following 
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Table I. 

Catalyst: OTjV-HjSOj. 


Grams of 

Gram- 

ITnimolecular velocity-constaxt. 

sucrose in 

inoloculos of 








100 c.c. of 

water {M 18) 

XlO* 

X 105 

XlO® 

Xlo* 

solution. 

per Jltro. 

at l>0^ 

at 30®. 

at 40®. 

at 50“. 

10 

51-95 

4-43 

1-83 

6-73 

2-29 

20 

48-45 

4-79 

1-97 

7-37 

2-35 

30 

44-99 

5-21 

2*12 

8-04 

2-81 

40 

41-62 

5-54 

2-29 

8-80 

3-08 

60 

38-09 

5-9r> 

2-45 

9-53 


60 

34-59 

6-22 

2-58 

10-22 

__ 

70 

30-94 

6-20 

2-66 

10-02 

3-94 


It will be observed that in all eases displacement of the water 
by the sucrose causes a (lefmito increase in the velocity-constant a 
further illustration of the anti-catalytic ellect of water already 
observeil in other reactions, for example, hydrolysis of esters. If 
the reaction is a true bimolecnlar one, it is necessary to divide the 
velocity-constants by the corresponding concentration of water in 
order to obtain comparable (|nantiiies in so far as this stoioheio- 
metric correction is concerned. Whether the observed velocity- 
constants require to l)e (bus ilivided or not, it is possible to obtain 
values for the critical increment, E, by means of the equation 
dhnkjdT^EjRT-, from the velocity-constants at different 
temperatures. It wa.s thus found that with an increasing initial 
concentration of sucrose, the value of E rises steadily over all three 
ranges of temperature investigated, namely, 20° to 30°, 30° to 40°, 
and 40° to 50°. That is, the critical increment (or the teinperatiirfr 
coefficient) apparently rises, whilst the velocity-constant itself also 
increases. As this is in direct contradiction to the conclusion 
already drawn, namely, that the greater the critical increment the 
smaller, ceteris i^ttrihus, the velocity-constant, it was concluded 
that the catalytic conditions were not comparable at any pair of 
temperatures, as the content of sucrose was varied. The behaviour, 
in fact, could be accounted for on the assum])tion3 that (a) the 
catalytic influence of the acid at any given temperature increases 
with increasing conoentrat ion of sucrose, and (t) that this increase 
in catalytic activity is greater the higher the temperature. This 
conclusion did not apjiear to be a very probable one on the basis 
of the degree of electrolytic dissociation of the acid, for in the 
case of sulphuric acid the catalytic effect ascribed to the undis- 
sociated molecule is approximately the same as that of the hydrogen 
ion, and in general the ratio of the catalytic effect ascribed to the 
molecule to that of the ion decreases as the temperature increases. 
Owing to the large viscosity effect.^ produced by a variation in the 
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conoentration of Bucro* electrical conductivity meaauremente could 
not give direct mfonnatiou, even assuming that the original Za 
boil of Arrhenius wa.s valid, an assumption which has reLntly^n 
called in ijnestion. On this account, it was decided to d*tf ■ 
the activity or thermodynamic concentration of the hydrogenZ! 
strictly speaking, the geometric mean of the activitJ flu 

and nso ') by means of electron, ot,vedorZ„ea:I;2ent. 


Acfmt!/ of II,jdro,je„ Arjueon, Ao/alions of Sucrose. 

The cell employed was of the following type: 


Hydrogen H^SO^ 
electrode 0-1 A 


+ sucrose 


saturated 

KCl 


normal calomel 
electrode 


The so of a saturated solution of potassium chloride as a middle 
liquid to eliminate coiitaa-t potential differences, has been fre 
quently reco„imeude,l (compare Fales and Vosbiirvh ,/ aJ' 
t’k"i. hoc. 1918, 40 1991). The absolute value o^f the no mal 
calomel electrode was taken to lie +0 56 volt at 18° Udiiv T W 
Hichards' value for the len,,)eraturocoefficient of 'this' electrode 
namely, 0 0006 volt per degree, the potential difference of the 
ca oiiiel electrode at 20° was taken to be 0 o612 volt, at 40° 0-573° 
volt. The value of v,„ the [lotential of the hydrc^eu electrode in 
he sulphiiiic acid-sucrose solutions, was obtained by means of the 
following equations : j me 


and 


ir„-0-277 : 0 0581og,„ ir at 20 ° 

-.0-296 + 0-06-2 log, Jf 


maTnot?^ u“* The absolute value 

raay no be correct on this basis, but a, the quantity involved is a 

constant at any given temperature, the relative valuers of rr at two 
different temperatures are «>mparable. “ 

Table II contains the K.il.F. data obtained at 20° the last 

a parn-molecules per litre. Table III contains similar daU for 
lolutiom r was removed from the sucrose 
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Table II. 

Temptraiure, 20'^. O liV^-HgSO^. 


Grarns 


Oram* 



Activity of 

of sucrose 

Gram* 

nmiccules of 

J2.Af.2J’. of 

P.d. of 

hvdro&fln 

in loo c.c 

molecules 

water 

cell 

hydrogen ion in cram. 

of 

of sucrose 

{M = 18) 

observed, 

electrode, 

molecules 

solution. 

per litre. 

por litre. 

in volt^. 

Wh. 

P®r litre. 

0 

0 ‘ 

55-55 

0-3355 

0-2057 

0-OBO 

10 

0-292 

51-95 

0-3520 

0-2092 

0-068 

20 

0-585 

48-45 

0-3485 

0-2127 

0-078 

30 

0-877 

44-99 

0-3450 

0-2170 

0-0895 

40 

1-169 

41-62 

0-3410 

0-2202 

0-105 

50 

1-460 

3809 

0-3380 

0-2282 

0-118 

60 

1-755 

34-59 

0-3345 

0-2267 

0-1S9 

70 

2-047 

30-94 

0-3313 

0-2299 

0-162 



Table III. 




Temperature, 40°. O-IA-H.SO, 



Grams of 



Activity of 


sucrose in 

E.M.F. of 

P.d. of 

H' in gram 



100 c.c. of 

cell, in 

hydrogen 

molecules 



solution. 

volts. 

electro<le. 

per litre. 



0 

0 3580 

0-2152 

0 050 



10 

0‘3o45 

0-2187 

0-050 



20 

0-3522 

0-2210 

0 062 



30 

0-3460 

0-2272 

0-078 



40 

— 

— 

0 091» 



50 

0-3370 

0-2362 

0-109 



60 

— 

— 

0-130* 



70 

0-3280 

0-2452 

0-162 



(Values marked with an asterisk are interpolated from the curve.) 


It will be obsen’ed that the activity of the hydrogen ion is lees 
at 40® than it is at ‘20*^. This would be expected for the conm- 
tration of the ion, since the dissociation of the acid is accompanied 
by an evolution of heat. 

The first conclusion to bo drawn from the above data is that tb 
activity of the hydrogen ion increases appreciably at both tempera- 
tures with an increase in the concentration of the sucrose, and 
further, as shown later in the figure, the rate of increase in actMty 
is greater at 40° than it is at 20°. The bearing of these results 
on the velocity-constants will be considered in the ne.vt section. 

The second oondusion is that the activity of an ion is related 
to its concentration in a very secondary manner. This has already 
been, shown to be the case by several American investigators. Tt« 
effect is well marked in the present instance. Thus, when t e 
sucrose content is 70 per cent., the thermodynamic concentration 
of the hydrogen ion is 0'162 at 20° and 0T52 at 40°, althoug 
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maximum actual oonoentratiou of hydri^en ion cannot exceed O' 10. 

Tlie third conclusion is that the displacement of the solvent hy 
j non-electrolyte, sucrose, produces effects entirely analogous to 
those produced hy addition of neutral salts, the addition of the 
sucrose, and consequent elimination of water, causing an increase 
la the activity of hydrogen ion from two- to three-fold. It is pro- 
posed to investigate this aspect of the dtsplacement effect (compare 
Griffith and Liewis, T., 1916, 109, 67) in further researches in this 
laboratory. The activity of ions in presence of a non-electrolyte 
appears to have been investigated in a single instance only, namely, 
by Harned (J. Amer. Chem. Soc., 1915, 37, 2467), who deter- 
mined the activity of the hydrogen ion from hydrochloric acid, in 
(he presence of mannitol, without observing, however, any marked 
effect over the concentration range eirqiloyed. 


The Probable Mechanism of the Inversion Process. 

It was found that the directly observed velocity-constants 
(table I) at 20°, when divided by the concentration of the water 
and also by the corresponding activity of the hydrogen ion, gave 
a quantity which was a constant within tho limit of the experi- 
mental error. Similarly, the data at 40° gave a constant 
independent of the sucrose or water content, the numerical value 
being, of course, greater than that at 20°, These constants repre- 
sent bimolecular velocity-constants reduced to unit activity of 
hydrogen ions. The values are given in tables IV and V. 

Table IV. 

Temperalitre, 20°. OT.V-HjSOj. 


I'niinolecuJar Uniiroleculai' 

veloeity. Velocity- 


Grams 

Gram- 

Unimolecular 

c<in.-*(aut 

constant x 10* 

oi sucrose 

molccules 

vclocity- 

divuled by 

divided by 

in 100 c.c. 

of water 

constjMil 

water 

water and also 

of 

(3/- 18) 

ohsei-vcH. 

conet'iil ration. 

by aetivity of 

solution. 

per litre. 

xio«. 

•< 10*. 

H' ions. 

0 

65-55 

4-14* 

7-4(l* 

1-24 

10 

51-95 

4 43 

8-53 

1-25 

20 

48-45 

4-7!) 

9-a88 

1-27 

30 

44-99 

521 

11 -,58 

1-29 

40 

41-C2 

5-54 

1331 

1-27 

60 

38-09 

6-95 

15-61 

1-32 

60 

34-59 

rt-22 

17-97 

1-29 

70 

30-94 

6-29 

20-33 

1-25 


Mean = 1-27XI0-*. 

(Values marked with an asterisk are obtained by cxlrspolation.) 
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Table V. 



Temperature^ 40® 

O'liV-HsSO,. 





Unirnolecular 

Gniinolecular 




velocity- 

velocity. 

Orams 


Unimoleeular 

constant 

constant 

of sucrose 

Gram- 

velocity* 

divided t>y 

divided by 

in 100 u.c. 

mok'culcs 


water 

water and also 

of 

of water 

observeil. 

concentration. 

by R‘ activity 

solution. 

per litre. 

XW. 

xio«. 

xlu®. 

0 

55-55 

5-98* 

1-08* 

2-it) 

10 

51-96 

6 73 

1-30 

2-31 

20 

4St5 

7-37 

1-52 

2-40? 

30 

44 99 

8-04 

1-79 

2-30 

40 

41-02 

8-SU 

2-11 

2-31 

.^0 

3$-09 

9-53 

2-5U 

2-30 

00 

34-59 

10-22 

2-90 

2-27 

TO 

30-94 

10-92 

3-53 

2-33 


M.'im =-- 2’305xl0-s 

(Values inai'ked with an asterisk are oblaincil by extrapolation ) 


The two mean values, l'i!7xl()"® at and 2'305 x lO-^ at 
40“, repreeem the true bimoleeular velocity-constant, /.'u, of the 
reaction, wliere k,„ is delined by 

K^k„, [ILO][ir], 

where i,,,., is the observed uniinolecnlar velocity-constant, [1L,0] 
the concentration of the water (.1/ =- 18), and | H'] is the activity 
of the hydrogen ion. The values of fc,, as thns defined are in- 
dependent of the concentration of sncro-e or water, and al-o oi 
the activity of the acid catalyst. The values of k,., depend only 
on the temperature. 

bince the change in the obsen'od velocity -constant wltli the com- 
position of the solution is entirely accounted for, after the intro- 
duction of the iicccs.sary stoicheioinctric correction for water, by 
the activity of the hydrogen ion, it follows that the undissociated 
molecule of the acid pos.-esses no catalytic elfect in this case, This 
conclusion has already been dr.awn liy Harned (foe, i-it.) in other 
cases in the presence of neutral salts. It is hoped that further 
investigation with other acids will settle the question a.s to whether 
thi.- conclusion ir- a general one for aqueous solutions. In the case 
of gaseous systems, catalysis by means of acid is sc-arcely kno"0. 
De Hemptinne- {Zeitarh. jth . dhim., 1892, 13, -bfill ddes 
that a I'o itive catalytic ellccl is prodncesl by liydrogeii chloride 
gaj ill the hydrolvsis oi gaseous esters. In these circunist<i‘i<^' 
and jjrohably the.efore in non ionising solvents, the uudissociate 
molecule of the aeul is the catalysing individual. 

The fact that constant values for fc,,. as defiiie<] above, are 
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obtained At a given tem^ratnre, removes the difficulty already 

- —r r* -f ■ 

a single value for E, the critical increment ner „ , 

sucrose inverted is obtained, this value being indeirn^eL^^rf^hl 
concentration of sucrose or water in the system Tt i c ^ 
calculated from k, at 20° and 40° is 26,390^calories Th'T ^ 
,h|. vuu. „ ,1. 

act.vi .es of the hydrogen ions at 20° and 40° have been deter- 
inniod. This iiumencal value re,.re.,ente the sum of the criS 
increments o the reac ants, which will be shown later to bl the 
complex ion (sucrose H ) and water 

The constancy of may bo employed as a criterion in attempt 
ing to determine the mechanism o: the inversion process bv means 
of stoic eicmetric equations for those equations must be 'such a^ 
to lead finally to an exiircssion of the form 

K = K, /[H20][h’1. 

Apart from this consideration, many alternative modes of 
expressing the u.vcrs.ou p, recess suggest themselves. We shall 
coimder five of the most probable of these, and show that only one 
of them IS . 1 . agr^ment with the criterion. The latitude of choice 
anses from he doubt as to whether («, the hydrogen ion whmt 
reacts IS hydrated or not. (/,) whether the sucrose which reacts is 
h.uiratecl or not.. The problem of hydration is one of the least 
satisiactory asiiects of the theory of solutions, the evidence in most 
cases being coiitlictiiig, 

that Iiractieally all the sucrose is hydrated 
hat the same is true lor the livlrcxen ions, but that itds the 
i arated sucrose which reiuis with a hydrated hydrogen ion 
HiO,H ), ..Vpplyuig the law of mass action to the hydration of 
■ e sucrose, R ILO - (R.H^O). we have /'■ = [R H,01 TRlril 01 

*h atec .ose^ The inversion process assumed to be correct 
qn- /■ - ' ^ MVeru-ilffR H.,OV. 

a?suMie-J to W hydrated. 

«w“d tell? “f ‘he 

‘>>s> activity of <>i'i<led by 

the initlpi '‘y'‘™ge“ ‘ons should lie a constant independent 
»«t.al concentration of sucrose. This differs from the true 
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criterion, and, in fact, the right-hand aide of the equation i, 
a constant. Hciioe, possibility 1 is incorrect. 

Pomhility 2. — Assume that practically all the sucrog^ ' 
hydrated, but that the hydrogen ion is practically all unhycJratJ* 
and that the inversion process is (B.HjO) H' — s- dextrose^’ i 
Itevulose. This leads finally to tile conolnaion that ^ 

The right-hand side of this expression is not constant Hbh 
possibility 2 is Incorrect. * 

Possibility 3.— Assume that practically all the sftcrose is hydrate 
and that the hydri^en ion is also practically all hydrated, but flat 
it is the non-hydrated hydrogen ion which reacts with hydrate 
sucrose, as in possibility 2. We have now to allow for K' ti 
equilibrium constant of hydration of the ions, ” * 

A'i = [H,0,ir]/[ir][H„0], 

This assumption leads finally to = .•’[H»0] . Kj , /[H OH'] 

which is indistinguishable from possibility 1, and is therefors 
incorrect. 

Possihilily 4.— Assume that the sucrose and the hydrogen ions 
are practically all hydrated, and that it is the hydrated term of 
each which reacts according te the equation 

(R,1L0) r (IteO.H’l — > de.xtrose-f kivulose. 

Then, = ;[n.,0,H'], which, being equivalent to possibility 2, 

is incorrect, 

Posaihility ,5,— Assume that l!ie sucrose as well as the hydrogen 
ion.s is praeticalty all iioii-hy<lratod, and that the first stags’ is 
addition to lorm a complex ion, thus: R-tir = RH', which is 
followed by the true inversion reaction, 

RII -r II.,0 — > dextrose -r Imvalose. 

We then have, rate of inversion = A,,*, [R], also, rate of inversioii= 
i,,.-[Riri[H.p]. whence h, = [R] . [Rli'] [H.O]. Now, K„ 

the equilibrium constant of the complex-ion foimation, is given by 
A, = [Rir]'[R]fir], whence A, , [HoOJ [H']. This is in 

agreement with the critr-rion, the right-hand side being a constantj 
since it only differs from the criterion in containing the constant, 

A',. It may be shown, further, that if the above mechanism is 
assumed, with the modification that the sucrose is nearly all 
hydrated, an expression is obtained which is not in agreement with 
the experimental result. Also, if possibility 5 is employed, with 
the modification that the ions are practically all hydrated, an 
equally incorrect expression is obtained. Finally, if possibility 5 
is employed, with the mollification that both sucrose and the ions 
are practically all hydrated, an incorrect expression is obtained. 
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It is reaaonable to conclude, therefore, that possibility 5 as it 
stands is the only satisfactory mechanism. 

Tlie two stoicheiometrio 'equations which express the inversion 
procfifis are therefore : 

R + H =RH (practically instantaneous) . . (1) 
and 

RH ‘ + 1120 = dextrose + l5evulos6 (measurable) . . ( 2 ) 

It is obvious that this mechanism accounts for the fact that the 
hydrogen ion is necessary in order that inversion may proceed with 
measurable speed. There is also some evidence of a preliminary 
nature for the existence of an addition complex of sucrose and 
hydrogen ion, which it is hoped may he communicated in detail 
later. 

The mechanism of the inversion process to which we have been 
led involves equations (1) and (2), and also the assumption that 
the hydrogen ions and the sucrose molecules are not appreciably 
hydrated in aqueous solution. This represents the simplest set of 
conditions, but tho result is somewhat surprising. Sucrose is 
usually regarded as being heavily hydrated in solution. As already 
pointed out, however, such an assumption would not lead to the 
observed constancy of the quantity expressed in the final columns 
of tables I'V and 'V. 

Uydrogen-im, AHivity n.? a Function nf the Oomposifion- of the 
Solution. 

RosaiiolT (,7. Amer. Chem. Soc., 1913, 35, 1731 has suggested 
that the catalytic effect of a solvent may be e.xpresse<l as an 
exponential function of the concentration of the solvent. A similar 
relation has been employed by Wilson (ilid., 1920, 42 , 715) to 
account for the effect of neutral salts on the hydrogen ion, as deter- 
mined by electrometric measurements. Wilson appears to regard 
the increase in oonoentration of the hydrogen ion in the presence 
of neutral salts as real. The effect, however, involves the activity, 
and not necessarily the concentration, of the ion. The analogy of 
the effect produced by the displacement of water by addition of 
sucrose to that produced by a neutral salt has already been 
mentioned. 

In the conditions obtaining in the present investigation we deal 
mth the simultaneous influence of sucrose and water, since by 
addition of one constituent a (^rtain amount of the other is 
eliminated. Let us suppose that the activity of the hydrogen ion 
ran he expressed by 




( 3 ) 
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where E and 1 1" are the couoeiitrations of sucrose and water 
respectively in gram-molecules per litre, h and b' are the catalyy^ 
environmental constants diaracteristic of sucrose and water, 1 
a positive, whilst is a negative, quantity. 

When there is no sucrose present, IF becomes TFj (namely, 55 55 
gram-moleonles per litre) and 11' becomes H',,. We can tlm 
re-write .equation (3) in the form : 

(3a) 

Hence. 

log, H' = log, Ifo-t-Afi-(>'{tF„-lF). ... (4) 

In the present case it happens that a straight line is obtained 
when the concentration of sucrose is plotteel against the concen. 
tratioii of the water. JTence we can write 11'= W„ + pR^ where p 
is a negative constant having the value - 12 ’ 1 , the sucrose and 
water being expressed in gram-molecules per litre, Equation (i) 
can therefore lie written in the pre.sent case in the form 

log,H' » log,H'(,-t-(i -bi'j))/? ( 5 ) 

or. alternatively, 

log,.H' = log,H'„-l-(h/;)-t 6 ')(ir- 1F„) ... ( 6 ) 

Equation; {b) and ( 6 ) are both linear, that i.s, they represent tin; 
observer! behaviour of the activity of the hydrogen ion a; s 
function of tho composition of the mixture, as is shown in tlio 
figure (graphs C and !)). 

Hence eqimtion (3) is justified in so far, at least, as it satisfies 
the above condition in the ['resent, rase. From the experimeiitsi 
data the following mraii value- ar< obtained: 

.-12-1'.' = 0'47 at 20”, 
t -- 121t'-;0 fifi „ 40”, 

It will bp oberx-ed that equ.aticns (b) and (fib lieing equivalent, d» 
not [>erinit of a calciilatiun n: t .and b' se]'aratplv. Further e.Njien. 
mental data involving a ,!i!fereiit functional relationship betwee; 
the concentration of the sucrose and the water are required. 

Tn eqnalions (3) to (fi) xve h.ave employed the most general ttl'f 
of formula, in which a pos.-Hde catalytic elTcet has even lifoi 
a.scrii'c-d to the react.ant solute, sucrose. Tn this connexion, there 
is an important consieler.alion which has to Im taken into account. 

The obaerveil unimoleciilar velocity-coii.stants obtained at various 
temperatures are found to remain constant, within the limit 0 
experimental error, throughout the entire roui.-c of the rea-ti 
This is the case even when the initial concentration of sucro« is 
as high a- 70 per cent., as is shown by the following re=u s 0 
duplicate ex[)e[imeiits, which give the observed velodty-cons 
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obtained with 70 per cent, sutsroae at 40° in the presence of X j 10- 
tilphuric acid. The velocity-constant is calculated to the base e. 



WaUr coiiccntralion mole^ per litre. 

_ otmrvfj velocity 
\ xrater conccniration / 


Tadi.e VI. 



Experinimt 1. ; 


Experiment 2. 

Timci in 

Uniiiiol'*ciiI:ir v.'locity 

Tirno in 

1 Uniiiiolccular velocity 

seconcta. 

conslftu^- X ^0^ 1 

seconds 

oonslant X 10^ 

0 

j 

0 

— 

780 

iO-82 

1200 

10-81 

1600 

11-03 1 

1950 

10-81 

2100 

10-98 

2400 

1083 

3060 

11-00 1 

i 3060 

1077 

3900 

1103 

3960 

10-89 

5160 

11-07 i 

4440 

10-86 

6420 

IMI 

6360 

10-96 

7500 

10-98 

(55 per rent, of tho 
sucrose decomposed.) 

6900 

i 

10-97 

(53 per cent, of the 
sucrose decomposed.) 
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The fact that the velocity-constant does not alter indicates that 
the activity of the hydrogen ion is likewise sensibly constant. 
however, the concentration of the sucrose has diminished by more 
than one half, it follows that the environmental influence of the 
sucrose, if any, as measured by the quantity h, must be the same 
as that of the dextrose and Isevulose formed as a result of the 
inversion. If these substances are inert, it woidd follow that 
b = 0, and that therefore the environmental catalytic term h\ 
characteristic of water, is — 0‘039 at 20^^ and — 0'046 at 40°. T]iq 
negative value indicates, of course, that the water is a negative 
catalyst for the process. The question of the absolute value of & 
will be dealt with in a later communication. 

Returning to the graphs shown in the figure, it will he observed 
that with diminution in the concentration of water the curves for 
the hydrogen-ion activity at 20° and 40° are not parallel, but 
convergent. The same relation is e.xhibited by the curves for the 
velocity-constant shown in the same diagram, graphs .4 and B. 

When the two sets of curves are combined, constant values for 
it,,, as defined in the preceding section, are obtained. The relative 
positions of tliC two sets of curves afford the most direct evidence 
yet obtained for the conclusion that the activity of the ion 
completely determines the velocity of the reaction. 


Summary. 

(1) The velocity of inversion of sucrose in the presence of J/ID- 
sulphuric acid has been determiued at 20°, 30°, 40°, and 50°, the 
composition of the solution leiiig altered by gradual displacement 
of the water bv the sucrose. The velocity-constants vary with the 
initial composition of the mi.xture. 

(2) The average activities of the hydrogen ion have been deter- 
mined elect rometrically in the various mixtures referred to in (1) 
at 20° and 40°. It is shown that the alteration in the velocity- 
constant can be accounted for comjilelely by («) allowing for the 
stoicheiometric eorreelicm for the water present, and (6) by allow- 
ing for the change in the activity of the hydrogen ions. 

(3) In agreement with (2), the inversion process is shown to he 
bimolecular. It consists of two proces-ses, (i) union of the nou- 
hydrated hydrogen ion with a non-hydrated molecule of sucrose, 
thus, R-ir = Rir, this process being practically instantaneous, 
and (ii) the actual inversion reaction, Rir + n 20 =dextrose+ 
kevulose. It is also concluded that the hydrogen ions and the 
sucrose molecules are not sensibly hydrated in aqueous 

(4) In agreement with Kosanoff's suggeetion regarding the m e 
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of expressing the influence of solvent catalysts, the activity of the 
Kydrogen ion is found to be an exponential function of the 
concentration of sucrose and water present. 

(5) It is shown that the environmental catalytic influence of a 
fflolwule of sucrose, referred to in (4), is identical in magnitude 
with that exerted by one molecule of dextrose together with one 
molecule of lasvulose. 

MvspRATT Laboratory or Physical and ELECTRO-CHErasTHY. 

University op Liverpool. [Received, August ith, 1920.] 


CXXVII.— fAe Preparation of Guanidine by the 
Interaction of Dicyanodiamide and Ammonium 
Thiocyanate. 

By Emil Alphonse Werner and James Bell. 

Bt heating a mixture of dicyanodiamide and ammonium chloride 
at 195° for ten minute.=, Bamberger and Dieckmann (Ber., 1892 
25 , 545) obtained diguanide, CJbN,,. The yield was poor, and 
Ostrngovich (Bid. Soc. Stiinle Bucareali 1910, 19 , 641), using 
ammonium iodide in place of the chloride, under similar conditions, 
obtained a much better result. ’ 

The reaction has been represented thus: 

DX:C(NH,,)-NH-CN + Nllj-HX = 

IIN:C(\n2)-XH-C(NH.,):NH,HX. 

The dicyanodiamide complex is supposed to remain intact, whilst 
the cyanogen group unites with ammonia. On this assumption, the 
reaction is considered to uphold the cyanoguanidiiie formula for 
dicyanodiamide projiosed by BamlxTger (Ber., 1SS3, 16, 1459). 

In the static condition, dicyanodiamide is stable up to 205°, 
when it melts, and is simultaiicoiisly dcpolymerised to cyanamide* 
and largely repolymerise*! to melamine (compare Werner, T., 1915, 
107, 715). ’ 

Several experiments have shown that dicyanodiamide is readily 
epohunerised to cyanamide at romparativel'y low temperatures in 
s presence of certain reagents, and it.s behaviour in the presence 

referred to in the literature : if a gram or two of dioyano- 
Kven-a ■nelliug point in a porcelain eruciblo and quickly 

a few beU.jar standing over a layer of wafer, the latter after 

silver ho found to give quite a copious yellow precipitate of 

>anamjde on addition of ammonio-siilvor nitrate solution. 

V tJ* 
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of ammonium thiocyanate, for example, furnishes a case in point 
which is of practical value. 

Pure guanidine thiocyanate has been easily prepared, in accord- 
anoe with the equation 

aH4N4-|-2NH4-SCN=2CH^N3-HSCN . . . (ij 

Whilst the main change is equal to 90 per cent, of the theoretical 
it is accompanied by a secondary reaction, whereby thioaminelinc 
is formed in small quantity. This does not interfere with the 
success of the pi'eparatiou, as its separation from the chief product 
is a simple matter. 

Pure dieyanodiamide was used in preliminary experiments to 
determine the best conditions, but from an economic point of view 
the commercial material may l)e conveniently employed. 

The sample used in the following preparation contained dicvano- 
diamide = 9o'o,* calcium carbonate = 3'2.o, melamine = 1'25 |)er 
cent. 

An intimate mi.xture of 43'5 grams of dicvanodianiide ( = 49 
grams, pure) and 76 grams of dry ammonium thiocyanate in coam 
powder was heated in a tall, narrow beaker jiartly immersed in a 
glycerol-bath, .-k loose cardlmard cover carried a thermometer, 
which served at the same time as a stirrer. At about 80°, the 
mixture began to melt; the temperature was gradually raised to 
120’. about seventy minutes being required for the purpose, and 
this temp'r.ature was maintaincrl for three and a-half hours. As 
the reaction proceeded, the product, which in the earlier staoc-s 
was an almost clear liquid, gradually became very viscous. It was 
now treated, without previous cooling, with about 250 c.c. of water 
and allowed to digest until cold. After filtration and washing, 
7'4 grams of amorphous residue were separated (residue .1). The 
filtrate was concentrated as far as possible bv evaporation at 100°, 
and the cn'stalline mass which formeel on cooling weighed, when 
drv, 110 grams (Found: SCX : 47-76; giianiiline thiocyanate 
requires S('X'-491,) per cent.!. The product was redissolved in 
about 200 c.c. of warm water, and 1-02 grams of aniorphoas solid 
(residue B) were separated by filtration. 

The filtrate was evapor.atcd to a syrupy consistency at 100°, and 
after seeding the cold solution with a minute crystal of 
guanidine thiocyanate, it quickly set to a cry:stalline mass of the 
pure ,-alt (Found: SCN = 48'96 (ter cent.). The yield of pure 

* A siiiplc rccry.sfalUsatioii of comiuercial cniilc dicyaiinriianiide o 
gciu rally .surticiciit to otitain a poHluct of ftii.s tligrci’ of purity. The material 
sihould bo froo from calcium hydruxide, which is ficcasioiially pregenl. 
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guanidine thiocyanate was 107-1 grams, equal to 90-8 per cent of 
the theoretical. ^ 

The chara^ristio picrate was prepared as a means of identifi- 
cation^ WWst residue A contained the impuritic originally 
present in the dioyanodiamide, 5-4 grams of pure thioammeline 
wore separated from it by treatment with sodium hydr- 
oxide solul, on aiid precipitation, after filtration, by carbon dioxide 
It was identified by its properties, as descriW by Klason (T nr 
CHn.. 1886, [ii], 33, 290). The pierate melted al 215 "Ld as !t 
separated from solution in jieculiar, crystalline formations which 
under the microscope, resembled a highly divided palmati’fid leaf’ 
this compound may be used for the identification of the substance ’ 
.Since thioa^mehne results from the interaction of dicyano- 
diaimde and thioq’anio acid, according to the equation 


(CN.Nlf,),+ HSCN=HS-C<^;;3jNHj>N , 


( 2 ) 


it is not possible to suppress its formation, as dissociation of 
ammoiiiuni thiocyanate to a small e.Ktent cannot be avoided under 
the conditions of the experiment. 

Eesidue D was pure thioammeline, generated as above from small 
quantities ol dicyanodiamide and ammonium thioc.anate which 
had Reaped change^ This was proved by evai.orating to dryness 
at 100= a solution of 2 grams of dicyanodiamide and 3 6 crams of 
ammonium thiocyanate in 50 c.c. of water, when 0 29 cram'of thio- 
nninflnie was obtained. For this reason, evajioration of the solu- 
tion to diw-neas iii the first instance was found to be the most 
efficient method for preparing a pure proiluct, and the addition ofi 
ihout a gram of ammonium thiocyanate to the fusion when the 
reaction has been in progress for two hours is advisable tVheu 
an excess of the salt, -wa., use.1 at the o.ii-ct of the experiment, the 
Jiela ot thioammeline was iucreaseel. 

Should the crystals of guaniil.ne thlocvanaie show opalescence 
alter crystallisation from, and while still in, the mother liquor, a 
sccira solution and liliration is necessiarv to remove the last traces 
0 thioammeline. On account o; the great solubility of guanidine 
lotiaiiate in water, it.a complete sejiaration in crystalline form is 
(■IQUS; it may be r.-eovered as carbonate by mixing the viscous 
alditr volumes of aloohol, and, after the 

fiwl r' ”■* requisite anionni of imla-ssinm hydroxide, the 
g«amdine ,3 precipitated by a current of ,-arbon dioxide. 

interest •>'<' reaction is of theoretical 

! riiic© it IS obvious (bat dopolymerisation of dicyanodiamide 

I! r* 2 
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must be the first phase of the change in order to yield guanifii^j 
in such quantity as required by equation (1), whilst the formation 
of thioammeline, the constitution of which has been clearly demon- 
strated by Klason (Joe. dt.), according to equation (2), would be 
difficult to explain on the basis of the “ cyanoguanidine ” strucliirp 
of dioyanodiamide. 

Considering that Bamlierger and Dieckmann (loc. cit.) obtainsj 
diguanide by heating guanidine hydrochloride at 185°, there can 
be no doubt that the latter was first formed in their preparation 
of diguanide from dicyanodiamide. This has been verified from 
qualitative e.xperiments, which, however, were of no practical 
interest; on the other hand, very encouraging results have been 
obtained in the preparation of methyl- and ethyl-guanidine an 
account of which is reserved for a future communication. 

So far as the authors are aware, none of the methods hitherto 
described for the preparation of guanidine can compare with the 
process now set forth, either in respect of cost, simplicity, or yield 
of pure product. In this connexion, it may be useful to reoomit 
the authors' experience of Ulpiani’s method (1909, D.R.-P. 
209431) for the preparation of guanidine nitrate by the action of 
aqua regia at 60 — 65° on dicyanodiamide. A quantitative yield 
is claimed. Since the change (indirect oxidation) is accompanied 
by the evolution of much carbon dioxide and nitrogen from 
dicyanodiamidine simultaneously produced, the maximum yield of 
guanidine is represented by the ratio — >■ CHjNjjHNOj; 

from three carefully conducted e.xperiments, the best yield vas 
26 grams of guanidine nitrate from 42 grams of pure dicyano- 
ciiamide, equal to 42-7 per cent, of the theoretical calculated on 
the foregoing ratio. It is evident from this result that not ks 
than two molecules of dicyanodiamide are involved in the 
pro<luction of one of guanidine by this method. 

The a^ay of dicyanodiamide was conveniently conducted by 
hydrolysis, as follows: 2 grams of the powdered sample were mixed 
with 25 c.c. of water, A-hydrochloric acid was added untd tie 
alkaline impurities were neutralised, using methyl-orange as 
indicator, after which the product was heated for forty-five miniik 
at 100° with 25 o.c. of .V-acid. The residual acidity was deter- 
mined by titration with jV-sorlium hydroxide. Each c-c. of -1-aeid 
neutralised is equal to O'OSl gram of dicyanodiamide. 


Ukitebsity Chemical Laboratory, 
Trinity Coi.leoe, 

Denus. 


[Received, Au^uel 24(A, 1920-] 
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CXXVIII. The Synthesis of some Nitro-derivatives of 
Toluene, 

By OscAB Lisle Bhadt? and Percy Noel Williams. 

In the course of an investigation it was found necessary to pre- 
pare a considerable quantity of pur© 3 : 4-dinitrotoluene. This 
compound is formed with the 2; 3- and 2 : S-isomerides by the 
nitration of m-nitrotoluene, and can he readily separated from the 
mi-xture by freezing (Beilstein and Kuhlberg, AnnaJen 1870 155 
25; Haeusseftoann and Grell, Ber., 1894, 27 , 2209; Hollemau and 
Sirks, Froc. K. Akad. Wettmch. Amslerdam, 1906, 9 , 280). This 
method is satisfactory, although the yields are not large. Haeusser- 
mauE and Grell (loc. cit.) mention the preparation from 3-nitro- 
p-toluidine by the Sandmeyer reaction, but do not give details 
As a trial of Haeussermann and Grcll s method did not give good 
results, and as m-nitrotoIuene was unobtainable at the time and 
its preparation on a laboratory scale was very tedious, other 
methods of preparation of 3 : 4-dinitrotoluene were considered. 
The present jiaper deals with one of these mcthoils. The starling 
material was o-toluidine, and the reactions involved may be 
summarised as follows: 


Me 

/yB, 
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Me 

0 

NO, 


NH, 
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NO, 
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The nitration of o-tolnidine to 4-nitro-o-toluidine has been 
e.wibed by Noelting and Collin {Jler., 1384, 17, 265), but by a 
tnl process, the separation of the isomeric nitro- 

^^111 Hies formed has been greatly simplified. The yields obtained 
« stage of the dinitrotoluidines were satisfactory, but the 
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removal of the amino-groiip from these compounds did not prove 
as easy as experience with similar compounds had led the authors 
to expect, and the yield of 3 : 4-dinitrotoluene was disappointjj,,, 
On the other hand, the oxidation of the amino-group in the dinitra 
toluidines to the uitro groiip-hy means of Caro's acid proceeds ve 
smoothly and provides a convenient method of synthesis of 2 - 3'4 
and 2 :4 : o-trinitrotoluenes, which hitherto have been obtained onl- 
by tile nitration of »n-nitrotoluene and separation of the two 
isomerides by fractional crystallisation (Ilepp, Annalen, 1883 215 
366) or by nitration of the rare 3:3- and 2 : S-dinitrotoluenes (Wjii 
Her., 1914, 47 , 704). ' ' ’ 


Experimental. 

4-.Vi7roa('ff(J-o fofKi(fd/c.- -One hundred grams of o-toluidine were 
dissolve! in 1087 co. of sul])liuric acid (D 1-S), care bcinv 
to avoid rise of tom])erature. The mi.\ture was cooled lielow 0° ij 
a freezing mixture, and a mixture of 163 o.c. of sulphuric acid 
(D l'8j and ,o0'8 c.e. of nitric acid (D 1'42) cooled to 0° slowlv 
run in so that the temperature did not rise above 0°. Wliea ail 
the acid had. lieen a Ided. the mixture was allowctl to remain for 
one hour. At thi.? stage Xooltiiig and Collin (!<><■. rit.') neutralised 
all the acid with s;x)ium hydroxide. A more economical jiiethcd 
which avoids a great increase in the bulk of the liquid and tie 
I'onnatiou of tarry provluots consists in aidding to the nitration 
mixture one-Jtalf its bulk of w.ater with thorough cooling and 
stirring. On keeping, the s iltihate of 1-nitro-o tcluidine separaW, 
and was reniove'l bv liltration :inii washed with alcohol. The )'ield 
of sulphate was about tii) j er cent, of the theoretical. The 6-nitro- 
otoluidine fonmd during the nitration (Creen and Lawson, T,, 
1891, 59. idll. say 30 per cenl.l remaimHl in the filtrate. Tie 
sulnhats v.a ground in a mortar with a slight excess of 10 per 
pent, solium hydroxide, and the free base (xillecteJ, washed 
thoronghlv with water. clritKl, ami a<etv!alesl with acetic anhydride. 

yi^riiti'rn of .l-.Vffr'/s/scio-o fofi//^/e/c, s\ solulioii of 30 graiia 
of 4 nitroai elo-o-toluidide in Gd c.c. of con, cut rated sulphuric add 
was addc.I slowlv with .stirring to c.c. of nitric acid (D 151 
cooled in ice. V,’hcn all the solution had leen added, the ini.vtiire 
was allowed to remiain in ice for ihirtv minutes, and then poured 
into i litres ef ice-water. The soliil .separating was collected at 
otifse and tlioiouglilv w'ashecl hv grinding three or four times in a 
mortar with water and fiUering. A cO to 80 fier cent, yield of tie 
mixecl dinitroaceto-otoliiididce waa obtained. 

SeiMni’ion of ikr /tinr/rcoo-f'VMp/iwrs. — Fifty grains of the mi' 
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tore of dinitroaoeto-o-toluidides were hydrolysed by heating for 
four or five hours on the water-bath with a mixture of 200 c.o of 
concentrated sulphuric acid and 400 c.o. of water. On cooling the 
mixture, filtering, and washing the precipitate, first with 50 per 
cent, suljihuric acid and then with water, a 45 per cent yield of 
S substance melting at 122° was obUiued. On diluting the filtrate 
a, 25 per cent, yield of a material melting at 150 —170° was pre^ 
cipilated. The compound melting at 122° was recrystallised sevLl 
times from alcohol until the product was of constant melting point 
ami oriented by conversion into 2 : 3 : 4-trinitrotoIueue (see below)’ 
,5;4.Dinitro-o-toluidine crysUllises in lustrous, yellowish-brown 
needles melting at 131—131-5° (Found: N = 21-5 0 H n \r 

requii'fs N = 2i’3 per cent.). 7743 

The substanre melting at 150-170° was recrystalli.sed twice from 
alcohol and oriented by conversion into 2 : 4 : S-trinitrotoluene (see 
below). 4:o-Dimtro-o-toluidinc crystallises in yellow needles melt 
mg at 191-- 191'5° (Found: N--21-6. 0,11, requires N-°l-3 
per cent.). 

PrcjK, ration, of 3 :4-/),m/ro(«/uene._For this purpose it is not 
necessary e separate the mixture of dinitrootoluidines, as both 
give 3;4-dinitrotolue:ie on removal of the aminovroup. Xiiie 
gr^ns of the mi.xtiirc were dried and dissolved in°a mixture of 
ItO c.c. of freshly distilled absolute alcoliol and 45 c.c. of fnmino 
.dilplmric acid (coiuaining 20 per cent, of .-iilplmr trio.xide) The 
solution was heated on the water-bath, and 27 grams of finely 
powdered dry sodium nitrite were added in small portion, with 
vigorous shaking. When all the nithle had Wn added, the mix- 
tm-e was heated for five minutes, cooletl, and diluted w’ith water 
The oily so ld which separatexi was crystallisetl first from hot nitric 
001,1 (D -4) to destroy tarry matter, and then from alcohol with 
the addition of animal eliarooal, when pure 3 : 4-dinitroto!uene 
»as ootained. the yield was not gomi, 2 gram, only beiim obtained 
irom 9 gram, of tlie mixture of diiiitrotohiidines. 

^ PiriMration of \ -.h-Trinilrotolaene. -To Caros acid, prepared 
■ rom 10 grams of ammonium i>er,uli.hato and 7 c.c. of ooucen- 

ate, SU phunc acid poi.rml on 20 grams of crushed ice, a solution 
» - grams of 4 : .o-diiiitro 7, lolnidiiie. (m. p, 191°) in 10 c c of 

toinci, . ‘’'■‘■'•ni.ght. dejiosited diiiitrouitroso- 

Jn^oompound adde.1 to ten time, its weight of nitric acid 

Li ^'-ol'-ed. On 

2-4-5°tLu soliit'on, a crystalline precipitate of 

mitrotoluene wa, obtaincl which, after one recryst.allisa- 
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tion from, alcohol, was pure. The yield was about 80 per cent, of 
the theoretical. 

Preparation- 0 / 2 : 3 : ^-Trmitrotoliiene . — A solution of 3 : 4-dinitro. 
o-toluidine in 80 per cent, sulphuric acid was added to Caro’a acid 
as above; in this case, however, the amine was precipitated by 
the dilution of the sulphuric acid, so the mixture was transferred 
to a stoppered bottle and left for four days, with frequent shaking 
At the end of that time the precipitate was collected and treated 
with nitric acid, as in the previous case, when 2 :3 : 4-trinitrotoIueiie 
was obtained in good yield. 

The authors wish to express their thanks to the Director of 
Artillery for })ermission to publish this work. 

Research Department, 

Royal .Arsenal, 

Woolwich. [Rcccmd, August 21ih, 1920.] 


CX.'^IX — Studies in Ring Formation. Part III. The 
Condensation of Aromatic Amines ivith a- and 
ff-Dil^etoncs and with 4 ; i' -Diacetyldiphenyl, 


By Clarence Viitor Fkkkiss and Ecstace Ebenezer Turner. 

The Ctnuh nsatit/u of lU nzuHne and Tolidin-e inth Btnz'tl and 
(jlyojol . 

CoNOENSATioN product' of l>enzidine and tolidine with benzi! or 
glyoxal were clescrilxxl by Cain and Micklethwait (T., 1914. 105, 
1437), but the present authors, after carefully repeating their 
experiments, are unable to confirm the fonnulaj assigned by them 
to the prodnets ol.taine<l from benzidine and these two diketone?. 

Whilst the condensation pro<liict from beiizil and benzidine ha? 
now been obtairn^i in a .state of purity, its complete analysis and 
a determination of its molecular weight by the cryoscopic method 
have not led to anv definite conclusions as to its structure. Con- 
densation secni.s to take place in a more complex manner than i= 
assumed bv the above authors. Hydrolysis of the product with 
mineral acid .showesl that more molecules of benzil than o 
benzidine enter into the reaction. Again, althongh such a con 
densation might l>e cx|x>cted to proceed quantitatively, we haw 
not succeerled in obtaining more than 70 per cent, of the calculat 
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yield, nor is an appreciable quantity of aoetylbenzidiue formed as 
might be supposed. ’ 

Of the products obtained from glyoxal, that formed with 
benzidine is a highly insoluble non-crystalline mass of unknown 
Bblecular complexity. The condensation of glyoxal and tolidine 
gave a substance of the empirical formula found by Cain and 
Micklethwait, but its insolubility renders a molecular-weight 
determination impossible, so that it may possibly be formed by the 
condensation, not of one molecule of glyoxal with one of tolidine 
but by the condensation of two molecules of each together 


The Cmeheneation of Amine., ami Diamince uith A eetylacetmie 
anti Benzoylac.etone. 

Condensation products of aoetylacetone and benzoylacetone with 
benzidine and other bases have previously been described bv one 
of us (T„ 1915, 107, 149.5; 1917, 111, i). F^nher examples 
have now been studied. Among other results, it has been found 
that mnnmntiihsoproyytuhneloWine. is a liquid at the ordinary 
temperature, and (lmcet/flifoi>ri>i>i/li,lenetoli/line a solid melting at 
108 “ (uncorr.), whereas the corresponding compounds from 
tenzidine melt respectively at 137° and 198° (compare benzylidene- 

n-toliiidine, a liquid, and benzvlideueaniline m p 48 49 °) 

Combes {/Ml. Soc. chin,.. 1888, [ii], 49, 89); who first studied 
the action of amines on acetylacelone, stated that the product of 

condensation of ;>-toluidine and acetylacetone melted at 39 40° 

apparently referring to the Irimetliylqninoline formed by ite 
further condensation in the ])resence of sulphuric acid. Pfitzinger 
{1. J,r. Chrm., 1888. [ii], 38, 40) gives the melting point of the 
tnmethylqumoline in question as 63^-04°. The pre,sent authors 
have found that ;ztoInidiue and aeelylaoetone condense under the 
influence of heat alone to give the trimethylquinoline, the meltin.^ 
point of which IS 64°, a fact which renders p-toluidine an abnormal 
compound as regards its action on acetylacetone. 


hetones of the Diphen;/! Scriee. Ailc„,j>t„ to Condense 
4 • i'-h),aeet yidi phen ?/l noth o-rhenyleaediamiue. 

Hitherto our knowledge of ketones derived from diphenyl has 
en restneted to lihenylaceloplieiione, 4-phenyll)enzophenone, 
■ ■ imizoyldiphenyl, dipbenylyl lienzyl ketone, and diphenvlyl 
iiap t yl ketone. Satisfactory proof of the constitution of these 
_^ite has only been given in the case of 4 : 4'-dilienzoyldiphenyl. 
IS substance, originally obtained by Wolf {Ber., 1881, 14 , 2031) 
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by the 'action of benzoyl chloride on diphenyl in the presence of 
aluminium chloride, was preparerl by UllniAnn (Annul en, 1904 
332 , 79 ) from d-iodobenzophenone and copjrer bronze, and thus 
shown to be the 4 : 4 '-derivative. From this it follows that Wolf’s 
phenylbenzophenone is a 4-derivativc. 

■Various errors have been noticed in the literature, traceable to 
the work of Adam (Ann. Chiin. IbSd, [vi], 15, 224). 

author, as a result of a more or less s;,st«matic study of the Friedd 
and Crafts reaction in the diphenyl series, concluded that in i|i 
such reactions, save one, 3 -substitnted diphenyls were produced , >3 
conclusion based on the fact that these compounds gave, on osidj. 
tion, an acid melting at 160- -161°, which Adam took to ) 3 < 
diphenyl- 3 -carlx>xylic acid. TIis one e.xception, diphenylbetuo- 
phenone, obtained from carbonyl chloride and <lipheuyl, proved to 
be identical with the product obtaine-l by IVeiler (Ber., 6 , 
1181) from methylal and diphenyl, and gave on oxidation an add 
(diphenyl-l-carboxylic) melting at 217- - 21 ) 5 °. 

Adani's pheiiylmsetophenone was .slated by Vorliinder (Hfr.. 
1907, 40 , 4535 ) to be the 1 derivative, since derived coiiipouiA 
formed anisotropic liquids, a properly which would not be posses**! 
by 3 -derivatives. 

The action of acetyl chloride on diphenyl in the presence of 
aluminium chloride has in>w l>een shown to result in the formation 
of 4 -pheiiylacetophenone (m. p. 121 °) and 
(m. p, 190 191°). The former (identical with Adain'.s phenyl- 
acetophenone) gives, on o.xidation. diplieny!-4-, and not, as stated 
by Adam, diphenyl-3 carboxylic arid. The constitution of the,=f 
ketones has been .set lievond doiiljt by their synthesis, respeeitively, 
from 4 -cyano- and 4 : I'-dicyano-dipheiiyl by means of magiiesiiiin 
methyl iodide. 

Since Afiani s jihenvla<vt4>]>lieii(>(u* is the 1-flenvative, ann 
his supposed 3 cthyliliplicnyl gave this ketone on partial oxiilatioii, 
this ethyl derivative must l>e 4 ethyldiphenvi. It is eviilrat, 
similarly', that his sn])pose 1 3-m.-tliyldiphf nyl is actually Imetayl- 


diphenvl. ,, 

Again, the iliiihenylyl benzyl ketone obtaine.1 by I apeke {lUr., 
21 , 1339 l by lim a.-tion of phrnylacctyl chlontle on diplw' 
in the presence 'of aluminium chloride, has now liecii io'™ 
definitely to Ire the l-derivalivo by its .synthesis Irom ImaO' 
diphenvl and magne-sinin Is'iizyl chloride. 

Im .iddition l:.lVi/rAr,,,/,/rmu-fyW.>Acny, which is not^ 
duc«l to any extent in the Friciel and Crafts reaction meBtiosea 
above, ha^ tic.-n prepare*! from 1 : -I'-dicyanodiphenyl. 

It is evident from the alrove that in all known Fnci- 
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Grafts reactions between diphenyl and halogen compounds d-deriv- 
,trves are obtain^ Sohmidlin and Garda- 

Banus {Ber. 1912 45, 3183) m their assumption as to the 
constitution of the diphenylyl a-naphthyl ketone prepared by them 
Tins investigation into the ketones of the diphenyl seL was 
made as the reeu t of desiring to determine the spatial relation 
of the two acetyl groufis in 4i4/-diar*tyldiphenyl; this ketone 
might be expected, if the Kaufler formula for derivatives of 
diphenyl is valid, to condense with o-phenylenediamine to give a 
compound of the constitnlion (I). When the two substances in 


/■“\ 


CMeiN, 


\/ 


') 


'<^ \cMe:N/\/ 

~ (T.) 


question are warmed together in acetic add solution, condensation 
occurs, and a yellow solid is t'recipitated from the mixture on 
adding methyl or ethyl alcohol. As in the case of the condensa- 
tion product of benzil and lienzidine, however, it has not been 
found possiWe to ascrilie a definite constitution to the product 
obtained, although the evidenre is iiroliably in favour of a com- 
pound formed by the condensation of two molecules of ketone with 
one of diamine. 


Experimental. 

Coruhmation. of Hemil with Benzidine. 

^ This condensation has been carried out as dcsori'ced by Cain and 
.Jicklethwait (loc. nt.). l-dl grams of Ixinzidine, 3'1 grams of 
benzil, and 1(1 c.c. of gladal a.-etic add heing used. After twenty 
iiiimites' heating of this ini.ature on the hoiling-water bath, it was 
cooled and scratched, when the canary-yetlow precipitate separated, 
luther unarming then can.dng further separation of precipitate, 
the yield was found to Iv increased hv |>eriodic cooling and scratch- 
ing. Tlie iirodjiitate was eollecte<l. washed with a little glacial 
nretic acid and then with dilute acetic acid, and dried in a 
vaciuim over pota.ssiiini liydro.xide. The greenish-yellow solid so 
01 allied (equivalent in quantity to a 70 per cent, coin'ersion to 
he supposed compound) cry st alliseil readily from benzene, hut a 
ess green product was obtained using xylene as solvent, the crystals 
eing^thcn wa.sheel with light |)etrolenm [Found: C- 85'1; H = 5-5. 
^-8o2; X-^,7'3, .q-s per eenf. M.W. (by ervosoopio 

Bethod in hromoforni) = 496], 
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The substance is readily soluble in hot xylene, benzene 
pyridine, and ahuoet insoluble in oold xylene, benzene, alcohol 
glacial aoetio acid. ’ 

An attempt to obtain Cain and Micklethwait’s ethyl alcoh l 
additive compound was made as follows ; the condensation prodn** 
was collected, dissolved in benzene, the solution evaporated to d 
ness after the addition of a little alcohol, and the residue ao ^ 
treated with alcohol and the latter evaporated. Evaporation^JJ 
the benzene solution obtained as above, without adding alcoh *i 
gave a well-defined product identical with that obtained in th' 
presence of alcohol (Found: C = 850; H = 5-5; N = 5-7 per cent!* 
The substance melted at 239—240“, a mixture with the produrt 
from xylene (above) melting at the same temperature. 

Similarly, an attempt was made to prepare Cain and Mickl 
thwait's methyl alcohol additive compound, following theb 
described method as closely as possible. Tlie product could not be 
melted under methyl alcohol even on prolonged boiling, and wh 
dried, melted at 231—234° (Found: C = 80-0; H = 4’2; N= 5 *g 
per cent.). ’ 

The product was again treated with methyl alcohol (for the 
fourth time), and the whole evaporated (Found: C = 80’4- H = 3'9 
per cent.; m. p. 231 — 234°). 

It was then crystallised from .\yleno (Found: C = 81’3; H = 4'9 
per cent.; m. p. 233- -236°), a second crystallisation from xylene 
giving a product melting at 234 -237° (Found; 0 = 837; H=50 
jrer cent.). 


The pre.seiit authors attribute the low melting point, etc., of the 
first of these prorlucts to the fact that the green impurities were 
still present, and the subsc<iuent results to the removal of those 
impurities. 


In order, if possible, to throw more light on the coudensation 
just described, the melting points of mixtures of beiizil and 
benzidine have Ixeu determined. The l)enzil used was purified by 
recrystallisatioii from alcohol, and melteel at 94'4°. The benzidine 
was purified by recrystalIis;ition sucocesively from water and dilute 
alcohol, and then several times from alcohol. Pure benzidine 
obtained in this way melts at 127 4°. All mixtures of benzil and 
benzidine melted below the latte-r tem|>erature, the curve of mixed 
melting points being part of an inverterl parabola, the axis of 
which ran vertically from the point rcpre.scnting two molecules of 
benzil to one of lienzidine. Xo evidence for the formation of a 
compound was forthcoming. 
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Condensation of Benzidine with Glyoxal. 

Oil effecting the condensation as described by Cain and Mickle- 
thwait, a dark brown, amorphous precipitate was obtained On 
drying, it gave a hard mass, an examination of which gave no 
results worth recording. 


Oondematmn. of ToUdine with Glyoxal, 

This ^ndensation gave the results published by Cain and Mickle- 
thwait (Found: C = 82-2; 11 = 5-9; N = 12-2. Calc for C,.H N • 
C=82 0; H = 6.0; K=12-0 per .nt.). It was not found'Se 
to carry out a determination of molecular weight, so that the 
constitution of, the substance cannot be deduced 


Condensatwn of .-1 crfylncrtoHc with f-Toluidine. 

, A mixture of p-toluidine and acetylaectone in molecular propor- 
tions was gently boiled for an hour. On cooling, the whole set 
solid a smal portion, after being left in contact with porous 
porcelain, melting at 64^ and at the same temjierature after 
crystallisation from light petroleum. Almost the theoretically 
l»ssible yield of 2:4 :6 trin,elhyhiuinoline was thus obtained 
(Found: N = 8-2. Calc.: N.-=8-2 per cent.) 


U»,mieetyn,opropynd(,uUMi,,e and its p..m-obenzyNdene 
Dnn-ahve, NO.yC^H^-CniM-QIIsMc-CfHjMe-NlCMe-CH^o. 

A boiling solution of 21 grams of tolidine in 15 c.c. of xylene 
was slowly treated with 1 gram of acetylacetone dissolved in 5 c.c. 
of xylene, heating being continued for a further hour. On dis- 
tilling off the xylene, a dark, viscid liquid was obtained, which 
could not be caused to crystallise. In order to confirm its con- 
stitution, it was converted into the /i-nitrotienzylidene derivative 
b) boiling it in alcoholic solution with a slight excess of p-nitro- 
beiizaldehyde. The brick-red precipitate obtained ill this way 
was crystallised from a mixture of pyridine and alcohol (Found: 
N = 10-o. requires N = 9 S per cent,). 

The high percentage of nitrogen found was due to the presence 
0 a small quantity of (li(/Miitrobfnzylideue)-tolidine, which, when 
working with barely sufficient material, cannot readily be removed. 
2^- ^^^^^^cazyUdefiemanoarefyli^opropylulenctoJidin^ melts at 
u i‘6adily soluble in hot pyridine, and sparingly so in 

cold alcohol or acetone. 
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DiaceiylhopropyVuhneloiidine, (•CyHgMe’NICMe'CH^Ac),. 

A solution of tolidino (8 grains) in 15 grains of aoetyla<?etoiie 
was Heated at the boiling point for three hours, the excess of 
diketone distilled off. and the yellow, cr)'stalliiie residue obtaineij 
on cooling crystallised from a mixture of xylene and lit;]]^ 
petroleum, from which it separated in yellow needles ineltinff 
108^^ (uncorr.) (Found: N^T’T. requires N-7-4 

cent.). 


2 ; 4 : 8 : 2^ :4^ : 8^-//rrflmf';'/iy/-6 : ^^-diquinohjl. 

The preceding compo\ind was heateil wdth ten times it? weight 
of concentrated sulphuric acid at- 125® for two hours, the coolfd 
solution poured into water, the result iug solution rendered alkaline 
and the white precipitate colIeete<l and crystallised from xvicne 
(Found: N = 8‘4. C. 24 lI._> 4 N-i requiree N — 8'2 per cent,). 

The ha^e crystallise? from xylene in minute cubes melting at 
252'5®. and is almost insoluble in cither hot or cold alcohol, carbon 
tetrachloride, or toluene. 

The })iut\fiichtf>riifc was obtained in the usual manner, and fonns 
browiiish-yeilow neetlles (Found: Ft-2G-2. C;^ll 24 No,H„PtCl^; 
requires Pt = 21vl4 {>er cent ). 

Monohi'nti>>if\9.opri>pijU-lrn(hrnzurinet 

NHyC’,H,<V|l(*X;CMe-CH^Bz. 

A solution of 3'24 grams of l-enzoylacetone in 15 c.c. of xylew 
was adde^J gradually to a lioiiing solution of 3 68 grams of 
benzidine in 15 c.c. of .xylene, the healing exmtinued for a furtlw 
hour, the solvent rctm>ve<l by di.'itiilation, and tbc yellow rcskiiie 
crystallised from a mixture of j>ynditie and alcoliol, wheji it 
separated in .'ilendor. pale yellow necylles mclling at 179^ (Found, 
X — 8'7. C.,lI,,,OX, ret[uires X 8o [)er cent.). 


.1 if't plisopn/pplidtnrhfnzopH^opropijruhnrlirnzuhne^ 

ClJ.Ac-LbMe;X*r,II/CJlpX:(X\l(lTLHz. 

A l>oiIiMg s^dutioii of the preceding compound (0’761 gram) m 
lu c.c. of xylene was slowly treate<i with a solution of U‘232 grajn 
of ac'etyb'u.-etorie in 5 c.c. ol xylene, and the reaction allowed to 
complete it.-^'lf during a I’lirlher .-hort boiling. On removing the 
xylene i^y distillation, a yellow residue rortiaintHi, which 
crystallised from a niixluro of pyridine and alcohol (Found. 
X^ = 7 0. ^-'27^^2f/d2N2 retjuirea ti'8 per cent.). 
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'['he compound forms yellow leaflets melting at 234 — 236°, and 
. sparingly soluble in alcohol, readily so in cold chloroform, and 
ipsolves in hot pyridine, 

MmohemuylKoiiropi/lideiietoliJine, 

NllyCellaMe-CjlljMe-NICMe-CHjBz, 

lliis substance was obtained in a manner similar to that 
described for the corresponding benzidine compound, and crystal- 
lises from A mixture of pyridine and alcohol in pale yellow needles 
ine.ltin“ at 170°. It acquires a green colour in moist air, owing to 
partial o.xidation (Found: X---80. C 2 eH., 40 N., requires N = 7'9 
per cent.). 


Condemnlion of .Iret;/! ('Monde with Diphenyl. 

(a) i're.paration- of i-I’henytai-etophenone.--Ai»iy\ chloride 
(S grams) was mi.xcd with 100 c.c. of carbon disulphide and a large 
excess of diphenyl (33 grams), and 20 grams of anhydrous 
aliimiiiiuni chloride were slowly added. The reaction was carried 
to completion by heating, ami the cooled mixture decomposed with 
ice and dilute hydrochloric acid. The carbon disulphide was 
removed in a current of steiun, and the residue cooled, filtered, 
and dried. The wliite solid so obtained \va,s extracted with boil- 
ing light petroleum until a sample of the residue, on drying, melted 
at llo--f20°. The residue, consisting of almost pure pheuylaceto- 
pheiimie, was crystallised from alcohol, and melted at 120—121° 
(luioorr.). It possesserl the properties ascribed to it by Adam 
(foe. id.] (Found: C — AVT; ll -C'2. t'alc, : (' = 8o'7; H = 6T 
per cent.). 

(fi) I'reporatton of J'henpiaretophnitine and .1 ; 4'-/)ioccf i/i- 
-Anhydroiis aluminium chloride {26'7 grams) was 
covered with a mixture of 100 c.c. of carbon disulphide and 15’4 
grams of (liphenvl. Acetyl chloride (1.V7 grams) was then slowly 
added, and the evolution of hyilrogen chloride allowed to become 
complete by subsequent healing in warm water. The carbon 
liiidphide was evaporalerl, the mi.xture deamiposed as before, and 
the resulting while -olid collected and dried. Elaborate fractional 
erystallisalioii from alcohol gave phenylaccto)>honoiic (moderately 
soluble) and \:-V-iliiiei'ti/ldiplifii>ii (sjiaringly solnhie). The latter 
was jnirilied by crystallisation sncr'essivclv from dilute acetic acid, 
alcohol, and carbon tetrachloride; it tonus almost colourless leaflet.s 
“'citing at 190--191° (micorr.) (Found: C = 80'5; H = 3-9. 
rwjuires C’=80'7; II = 5'9 per cent,). 



1148 


FERRISS AND TURNER : 


Freparation- of 4:-Gyatu)diphenyl. 

The preparation of this substance from diazotised 
diphenyl and potassium cuprocyanide proved unsatisfactory j 
large quantity of a polynieride being formed. It is interestinir 
note that Kaiser (Anmlen-, 1890, 257 , lOO) obtained a moderatfliy 
good yield of diphenyl-5-carboxylic acid by the hydrolysis of th 
total crude product. The method described by Rassow 
1894, 282 , 143) for the prejiaration of the nitrile was fnaDy 
adopted; it is, however, tedious, and gives a large quantity of th 
polymeride. 

Preporafioii of A-Fheuf/Jneeiopkenone (i-Acetyldiphenyl), 

A solution of 0-3 grain of 4-c)'anorliphenyl in 100 c.c. of benzene 
was added to a Grignard reagent prepared from I'o gram of inettyl 
iodide, 0*24 gram of magnesium, and -10 c.c. of ether. The etber 
was then removed by distillation, and the residue heated to boiling 
for four hours, then cooled, decomposed with water and acid, and 
the benzene layer separated, dried, and evaporated. The residue 
was extracte>d with boiling alcohol in the presence of wood char- 
coal, the e.xtracts filtered, evaporated, and the residue treated a 
before. In this way, a small quantity of a white solid 
obtained, crystallising from alcohol in colourless needles meltiug 
at 120 — 12P, and producing no depression of the melting point of 
the phenylacetophenone ]>repared a- describe^l above. TBe latter is 
therefore 4-phenylacetophenoiie- 

Oxidatiou under the exact conditions descril)ed by Adam (foe. 
cit.) gave a mixture of unchanged ketone and diphenyI-4-carbo.rjIic 
acid melting at 220". The latter was extracted from the mixture 
by means of sodiiurx hydro.xide, and the extract filtered and 
acidified, etc. The low melting point (IGO— 16P) found by Adam 
was eridently due to the j>rosence of unchanged ketone. 


Frejnrafwn of A-/)iphenyf'/l Benzyl Ketone, 

(fi) This .substance was obtained by condensing diphenyl 
(1 mol.) with phenylac<-tvl chloride (2 inols,) in carbon disulphide 
solution by means of aluminium chloride, the reaction mixture 
being treated in the usual manner. The black, tarn' solid obtain 
in this way was e\tracte<i re|>eatedly with boiling alcohol, the 
extracts precipitated with water, and the resulting yellow bdi 
freed from phenylacetio aoid by extraction with hot afjueou 
ammonia. The product was finally crystallised repeatedly r(® 



STUDIES IN RING FORMATION. PART m. 


1149 


Jcoholj and then melted at 150°. Its properties agreed with those 
[escribed by Papcke (loc. eit.). 

(h) A solution of 0*9 gram of 4-cyanodiphenyl in 100 c.c. of 
benzene was added to a Grignard reagent prepared from 2 grams 
,f benzyl chloride, O'SO gram of magnesium, and 50 c.o. of ether, 
’he latter solvent was removed by distillation, the residue heated 
0 boiling for six hours, and then decomposed in the usual manner. 
Sxtiactioii of the solid finally obtained with light petroleum and 
tenzene gave a white solid melting, after crystallisation from 
Jcohol, at 150°, and producing no depression of the melting point 
,f the product from (a). The latter is therefore 4-diph6nylyl 
»enzyl ketone. 


Preparatimi of A:\'-Dwimodiphenyl. 

This substanoe has hitherto only l.>een prepared from the corre- 
poiiding disulphonic acid by fusion with potassium cyanide. The 
ollowing method was found to be more convenient. 

A solution of 17*2 grams of benzidine in 42 5 c.c, of concen- 
rated hydrochloric acid and 150 c.c. of water was diazotised with 
. concentrated solution of sodium nitrite, and the solution added 
Tadually to a warm solution prepared by mixing 50 grams of 
upric sulphate pentahydrate (in 200 c.c. of water) with 55 grams 
ff potassium cyanide (in 100 c.c. of water), benzene being added 
0 prevent the accumulation of froth. The reaction was completed 
y heating to a hot water-bath temperature, the brown precipitate 
oilecteii, washed with boiling water, and dried, and then extracted 
epeatedly with much boiling alcohol; the filtered extracts were 
m-ii)itated with water, and the combined precipitates dried and 
Tystalli?ed from pyridine. The pure nitrile obtained in this way 
iielts at 235° (uncorr.), as stated by Doebner (ilrr., 1876, 9, 272). 

4 •A’-Dia/'etyldijthenyl. 

A solution of 2 grams of 4 :4'-dicyanodiphenyl in 150 c.c. of 
>enzene was added to a Grignard reagent prepared from 6 grams 
>f methyl iodide, 1 gram of magnesium, and 50 ac. of ether. The 
sther was removed by distillation and the residue heated to boil- 
ng for six hours, then treated with water and excess of dilute 
ulphuric acid, and the mixture again heated for an hour, it being 
bought possible that, owing to the extreme difficulty of hydro- 
ysing the dinitrile (see Doebner, Annahn^ 1874, 172, 116), the 
ntermediate magnesium additive compound formed in the present 
'eactioii would only slowly be decomposed by cold acid (see Forster 
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and Judd, T., 1905, 87 , 368). Th© benzene layer was finally 
separated and dried. When evaperated slightly, it deposited the 
diacetyldiphenyl in clusters of needles or leaflets melting at l9Qo 
and producing no depression of the melting point of the diacetyt 
diphenyl prepared from diphenyl and acetyl chloride (above), ^he 
latter is therefore the 4 : 4^-derivative. 


4 : ^^-Dipkenyhlia'Cetyldiph enyl. 

A solution of 2 grams of 4 :4^-dicyanodiphenyl in 200 cc, of 
benzene was added to a Grignard reagent prepared from 7 pranii; 
of benzyl chloride, 1 gram of magnesium, and 60 e.c. of ether 
when a reddish-brown precipitate was formed. The ether \v?8 
removed by distillation, the residue heated to boilirig for four 
hours, decomposed with water and dilute acid, again heated, and 
finally filtered, and the two layers were separated. The r^ijidne 
from the filtration was corubined with the residue obtaiitel bv 
evaporating the l)enzene solution, dried, and cry.stallised from 
pyridine, when it formed white IcaHets melting at 224^ (uncorr.) 
(Found: C = 86-7; H = 5-6. requires 0-86-2; lUH 

per oent). 

Both of the ketones just described react normally with phenvl- 
hydrazine. 

Corwf^nmtion of \-A'-DMcet>iJ>Uphfnyl mfh o-PhenyJenaUmm. 

When the ketone and the diamine are gently heate<l together 
for a few minutes, a red colour is developed, owing to the form- 
ation of a siihstancf^, which is precipitated bv al<-ohDl and is 
insoluble in the latter. Condensation in slightly diluted glacial 
acetic acid (to preclude the formation, so far as possible, of beuz- 
iminazole) gave, when oquimolocular quantities of the reacting 
substances were taken, an orange yellow product, obtained bv pre 
cipitation of the acetic arid solution with methyl alcohol. On 
dissolving it in pyridine and jireoipitating with light |>etroleiini. it 
was obtained in a microcrvslalline condition fm. p. findennitei 
about 150°) (Found: (T— 84'7; H— 5'7; X-4'2. (hJlieOX 
[2 mols. of ketone condensing with 1 mol. of base, with ebmin 
ation of 2 mols. of water] requires C“-83'2; H --o’S; X-51, 
ri mol. of ketone, 1 mol. of base, eliminatimi of 2 mols. 
of water] requires 0 = 85*2; ir = 5'8: N" 9 0 per cent.). 

Tho small quantity of the product rendered a thorough 
gation im|H>fl8il>le, but it is thought that the evidence indicates ^ 
formation of a compound of the iminazole type by the con en-^ 
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tion of molecules of the dik^ione with, one of o-phenylene- 
diamioe. 

^Ve desire to thank Mr. R. G. Hook for some help with one 
of the experiments, and the Research Fund Committee of the 
Chemical Society for a grant which has partly defrayed the cost 
of this investigation. 

The University Chemical Ladoratories, 

Sydney. N.S.W. [Received, August ^Oth, 1920.] 


CXXX.— TAe Constitution of Catechin. Part 11. 
By Maximilian Nikrenstein. 


In the previous coinmuiiicaliou (this vol., p. 971), provisional 
formulre were siiggesterl for catechin (I) and for the methylated 
reduction product (III) obtained by Kostanecki and Lanijie [Ber., 
1907 . 40, 720) from catechin U-trainelhyl ether. At the same 
time, it was shown that Kostanecki and I.anijie's substance may be 
o.xidised to 3:4 :2' :'i' :6'-pentametliox_vdiphenylAcetic acid (IV). 
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,/\/>x 


OHj 

CH-OH 


\/\/ 

HO CH 
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I JCH-COjH 
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"Ihe present comniniiication describes the synthesis of 
’A' .^'-pentaviedhoxif-aa-dtphenyliti'ofkinc (HI), which was 



1152 NIERENSTim: THE CONSTITUTION OF OATEOHIN. PASI jj 


found to be identical in every respect with the methylated reduo- 
tion product of Kostanecki and Lampe. The syntheeis was carried 
out according to the following scheme; 3 : 4 : 2' ;4' ; 6'-pcn<anie({. 
OJ^ydi pheniihicetyl chloride (V), on treatment with diazoinetliane 
(compare Clibhens and Nierenstein, T., 1915, 107, 1491), yielded 
3 : 4 ; 2' ; 4' : ^'-pentmnethoxydiphenylmethyl chloromethyl l-eian^ 
(VI), which, on reduction with metallic sodium and alcohol, gave 
3 :4 : 2' : 4' : 6'-pentamethoxy-oo-diphenylpropaue (III). 

Meo/\oMe 
I jcH-COCI 

\/ I 

MeO/\ 

OMe 
(V.) 


Mel 


'lOMe 


:0/NO 

I 'CH-COCH.Cl 

\/ I 

MeO/\ 


■,^^0Me 

OMe 

(VI.) 


The intermediate 2' -h yd ror y-i ; 4 ; 4' ; ^'-letramethory-aitiH- 
phenyl pro ixi Ilf (II) Ime previously not been investigated; thus, 
Kostaneoki and I.anipe (loc, cil.) only refer to it as an oil, with- 
out further mention. It has now been obtained as a crystalline 
substance, which yields on oxidation ‘l'-hydroxy-^:i:i' 
methojo/di phrnyluretic arid (\II). The latter substance behaves 
normally towards methyl sulphate, diazoniethane, aud acetyl 
chloride and pyridine, yielding the corresponding derivatives. On 
digestion with acetic anhvdride and anhydrous 50<iium acetate, 
however, 3 ; .1 : 3' : -I '-t/ lrami thory-2.plienyl.;,iemnmii-\-r>nf * (VII 1) 
is formed, which is also produced when 3 : 4 : 2' : 4' : G'-pentameth- 
oxvdiphenylaoetic acid (IV) is treated with acetyl chloride accord- 
ing to Stoermer and Fridericis method (/Icr., 190S, 41, 340). 


MeO,/^,OH 
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,/ 

MeO^ 

\/ 


ICH-COoH 


lOMe 


OMe 

(Vll.) 
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MtO^N/NcO 

\/ V' 

Metr / 

l^^loMe 
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(vni.) 


• The numbering of the eoiimnron nucleus is as suggested liy Stocrmet 
{Annatcn, 1900, 312, 2.'i8). 
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Experimental. 

2 :i' :5'-PentamethoxydijihenyIacetyl Chloride (V). 

Six and Srhalf grams of 3 :4 : 2' :4' ;6'-pentam6thoxydiph©nyl- 
acetic acid are heated on a water-hath for three hours with 
10 trains of thionyl chloride. As much as possible of the un- 
cliiii“ed thionyl chloride is distilled off under diminished pressure 
jiid the residue dissolved in dry benzene. The solid obtained by 
evaporating the benzene is left over solid potassium hydroxide in 
a, vacuum for some time, so as to remove the ailhering traces of 
thionyl chloride. The product crystallises from benzene in small 
clusters of prismatio needles, which melt at 76-5°. The yield is 
98 per cent, of the theoretical (Found; Cl==9'6. CjsHjjOjCl 
requires Cl=9-3 per cent.). 

3 :4 ; 2' : 4' ; &-Pentamelhox>idiphen;ihnethyl Chloromethyl 
Ketoxxt (VI). 

To a solution of 6 grams of the acyl chloride in dry ether 
(according to Grignard), an ethereal solution of freshly prepared 
diazoinethane from 30 c.c. of nitrosomethylurethane is added. 
When the evolution of nitrogen oease.s, the same amount of diazo- 
niethaiie is again added, aud the solution allowed to remain for 
several days, moisture being excluded. The ether, which contains 
an excess of diazoinetliane, is distilled off. and the residue crystal- 
lised from benzene. Large, glistening plates separate, which melt 
at 102 “ aud have the characteristic odour of the chloromethyl 
ketones. The yield is 91 l)er cent, of the theoretical (Found*: 
C-60'6; H = rr9; Cl = S-9. (yL-O^Cl retjuires C = 60-9; H = 5-8; 
Cl=9 0 per cent.), 

3 : 4 : 2' :4' ; 6'-7’er;0;mf//io.ry aa tliiihfii;/! propane (III). 

A solution of 6 giams of the ketone in alxmt 200 c.c, alcohol 
is heated on a water-bath with 20 gr.ams of metallic sodium until 
the latter disappears. The solution is subsee^uently’ reduced to 
about 50 c.c. and diluted with water. The precipitate crystallises 
from alcohol in small needles, whicli melt at 83 S4“. This melt- 
ing point is not depressed when inixerl with the methylated reduc- 
tion product of Kostauecki and Lam()e (Found*: C = 69 2, 
H=7'7. Calc.: C-S9-3; II-7T) qier cent.'). 

• DrictI ovor paratlin in a wwiiuin. 
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V-Eydroxy-Z : 4 : 4' : ^'-tetramethoxy-aa-diphenylpropme (II), 

By distilling Kostanecki and Lampe’s reduction product (deo,xj.. 
hydrocakchin tetraniethyl ether) under diminished pressure, tie 
greater proportion is obtained as an oil boiling at 235 — 238^) 
10 — 11 mm. After remaining on ice for a short time, it readily 
solidifies. A few crystals of this subsUnce are sufficient to cause 
the oil of other preparations to become semi-solid without previous 
distillation. Prepared by this method, any adhering oil may 1* 
removed by washing with light petroleum and subsequent drying 
on a porous plate. Three preparations from 10 grams of catecliin 
tetramethyl ether gave 7-3, 6'2, and 81 grams, respectively, of tie 
solid.* It crystallises from alcohol iu rectangular plates, wiici 
feel oily and melt at 106°. The suhst-incc is soluble iu the usual 
organic solvents, with the exception of light petroleum in the cold. 
The alcoholic solution turns violet with ferric chloride (Found f; 
C^68 o; H = 7'4. C,alriA requires C = C8-7; TI = 7’2 per cent). 

On treatment with methyl sulphate, the theoretical yield of 
. 3 : 4 : 2 ': 4 ': 6 '-pentainetho,xy ei:-(liphenylpropane (HI) is obtained, 
It melts at 83—^4°. and this melting point is not depressed -sicn 
mixed witli the methylated reinction product of Kostanecki aud 
Lampe. 


‘i’-Ilydrory-Z ; 4 : 1' ; Q'-lelramflhoriidiphoiylmelie. .1 dd (VII). 


Nine ^rams of o'-hydroxy-S:-! :4' :G'-tetrametho.xy-aa-cliphenyl. 
propane "suspendcl in 30') c.c. of a 20 jier cent, solution of 
potas-sium hydroxide in water are oxidi.sed on a boihng-waler bath 
for four hours with 9 grams of potassium perman.gaiiate dissolved 
in 200 C.O. of water. The solnlioii is filtered while hot, and, after 
cooling, acidified with dilute sulphuric acid. The dark-coloured 
preciifitate is not filtered, but tlic solution extracteei several times 
with ether, in which the precipitate dissolves. The ethereal 
extract dried over atihvdrons .-odium sulphate, leaves a solid on 
evaporation, whicli, aider several crysUllisations from water, 


• The riKiiiCion of calcchin Mmmcthyl other c.ccordini; to the m lh«l 
Kostaneek, and Lamp- (/-. rd.) i.s apparent y f 

decomposition, since th- erud- r-ducti,,,. product ha^. an odour of a m -- 

Several attempts vie to i-o!ate some of the J 

extracting the porous plate wtth alcohol. ^ sma ^ I, Ito 

obtaineil ironi th*i rtI«‘‘>hHlir r.xtmct. nioynul \ > nidterial to 

moltiiiK ivdnt riven for ver.Uric «,d, hut there was tint enougl' 
eritabli.-ih i(l'’nfity. 

t Dried over partdiin in a vacuum 
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animal charcoal being used, yields long, prismatic needles melting 
at 168 —169°, carbon dioxide being evolved. By prolonged drying 
over phosphoric oxide in a vaciiiim, or heating at 110 °, one mole- 
of water is lost (Found*: H,O = 5'0. Calc.: IIjO = 4-9 per 
cent.). Tile anhydrous product is powdery in appearance and 
jjclts at 172—173°, carbon dioxide being evolved. The substance 

abo soluble in alcohol or ethyl acetate, Imt insoluble in benzene 
)r toluene. Both the aqueous and alcoholic solutions turn bluish- 
,-iolet with ferric chloride. The yield is 78 per cent, of the 
lu'oretical (Found*: C = G2-2; H— .5'9. CijIIjjiO, requires 
2 = C3T ; H=^5 7 per cent.). 

On methylatioii with methyl sulphate, 3 :4 :2' :4' : 6 '-penta- 
iiiftho.'cydiphenylacetic acid (IV), melting at l.oO— 151°, is formed. 
Diazomethane converts 2'-hydroxy-3 ; 4 : 4' : 6'-tctrametho}cydi- 
phciiylaoetic acid quantitatively into the corresponding methyl 
ester, which melts at 119°. Neither of these melting points is 
depressed when the compounds are nii.xed with the corresponding 
substances previously described (foe. <■//.. p. 879). 

The Iiceti/l derivative is prejiareel by the action of acetyl chloride 
(3 grams) and pyridine (30 grams) on the anhydrous acid 
(3 grams). It crystallises from alcohol in jirismatic needles, which 
melt at 183 — 184°, carbon dioxide being evolved (Found * : 
C-61j; H = o'7. re<|uires C=61-,5; II = 5'6 per cent.). 

3 :o :3' ; V-Ti immrthtn , 11,11 >niii-\ iinc (VIII). 

One gram of d'-hydroiey li :I : I' : 0'-titr,i!nftho:iydipheiiylacctic 
add is digested with 3') c.i'. of acetic anhydride and 3 grasns of 
anhydrous sodium acclato. and the mi.xliire subse<iueiitly diluted 
with water. The precipitate obiaiiiesi in this wav crystallises from 
ab-nlute alcohol in stout, prismatic needles, which melt at 117°. 
The yield is 8.1 per cent, of the theoretical (Found t : (.'-65'4; 
H=5'5. t'nll|,0,, requires (' 61-5; II- I t per cent.). The 

mine product is also obtained wlion 3 grams of 3 : 4 : 2 ' : 4' : 6 '-penta- 
inethorsydiplicuylacetic arid, dissolverl in 20 c.c. of glacial acetic 
acid, are kejn at the orcUnarv tem|icraturc for fortv-eiglit hours 
with ,5(1-4 c.c. of a solution of 100 c.c, glacial as'ctic acid and 212 
prams of acetyl chloride (I mol. of ac'ctyl chloritie). The greater 
part of the acetic acid is removed niidor iliininishcd pressure and 
the rc.sidiie precipitated with water. The proeluct crv.stallises from 
absolute alcohol in stout, prismatic needles, which melt at 117°, 

• Dried at liO’. 

t Dried over paratfio in a viu-unin. 
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and this melting point is not altered on mixing with the previous 
preparation. The yield is 91 per cent, of the theoretical. 

The author is indebted to the Colston Society of the Universitj 
of Bristol for a grant which has covered the expenses of tlii' 
research. 

Biochemical Laboratory, 

Chemical Department, 

University of Bristol. Stptemh&r gi/i, 1920.] 

Note added Oetaher 1920— Since this communication wji 

submitted, a paper by Freudenberg {Ber., 1920, 53 , [jS], 14l()j ],j, 
appeared, in which he describes 3 : 4 : 2' : 4' ; 6'-pentamethoxyey 
diphenylpropaue as melting at 87 — 88*^, which is the melting poinl 
given by the aiithor (this vol., p. 972) for this substance 
Freudenberg states, furtlicr, that Kostanecki and Lampei 
methylated reduction product also melts at 87 — 88°, which is nc^ 
correct. This substance melts at 83 —84°, as given by Kostaneck 
and Larape (Ber., 1902, 40 , 720). The author has on five separati 
occasions prepared this product, and has always found it to md 
at 83 — 84°. No difference of the melting point has been records 
by Ryan and Walsh /Voc. /doy. DuhUn- Sor., 1916, 15, 120) 
who have also prepared Kostanecki and Lampoe's product. In vicr 
of Freudenlrerg's assumption that Kostanecki and haiinie' 
methylated reduction product is identical with 3 : 4 : 2- :4' :6'-peiita 
metho.'cy-ay-diphenylpropane, the following mixed melting point 
were taken. They clearly disprove his contentions. (1) Ko< 
tanecki and l.anipc's methylated reduction product (in. p, 83—84°; 
aud 3 : 4 : 2' : 4' : G'-|)entamethoxy-ay diphenylpropaue (iii. p. 
87 — 88°) giving a depression of 9 to 11 'legrees. Similar result: 
were obtained (August 11th, 1919) when three mixed melting 
points of these two substances were taken. (2) On the otlier hand, 
a mixture of Kostanecki and l.am|X!’s product (ni. p. 83—84-) 
with 3 : 4 : 2' : 4' : 6'-pcntamcthoxy-oa-diphenylpro['ane (m. p. 
83—84°), described in the jiresenl comnuinication, melted at 
83^-84° without the slighte.ri depres-siou. as already obsenri 
(April 26th. 1920), when two mixed melting points of these 
substances were taken. 
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EMIL FISCHER MEMORIAL LECTURE. 

Delivered on October 28th, 1920. 

By Martin Onslow Forster, F.R.S., Treaimrer, 

Xo a world confused and lacerated by tbe bitter consequences of 
protracted warfare, at a time when every element of constructive 
and harmonising influence was most sorely needed, there came 
without premonition the announcement that Emil Fischer was 
dead. Inured as the nations had become to loss and disaster, it 
was probably with surprise that the scientific communities found 
the misfortune with which they were now confronted to be one in 
common with their former enemies. For the place which he 
occupied in our minds, first attained by his mastery of bur subject, 
was hallowed by regard for his sterling disposition, compassion for 
Ms griefs, admiration for his outstanding power. 

Emil Fischer was born on October 9th, 1862, at Enskirchen, 
some twenty-five miles from Cologne on the south-westerly high- 
road to the Eifel, about twenty miles from Bonn. Preceded by 
five sisters, he was the only son of Laurenz Fischer and Julie 
Poensgen. After leaving school at Bonn in 1869, he was appren- 
ticed to his brother-in-law, Ernst Friedrichs, a timber merchant, 
but the occupation proving uncongenial, he became a pupil of 
Kekule in 1871, and preceded in the following year from Bonn 
to Strasbourg. Here he graduated in 1874 under von Baeyer, 
with whom he passed to Munich in 1875 as an assistant, becoming 
J’rivaldozent, and soon afterwards succeeding Volhard as Ausser- 
ordeiitiicher Professor in 1879. On the transference of Volhard 
to Halle, he was called to the chair of chemistry at Erlangen in 
1882, whence he proceeded in 1885 to Wurzburg in succession to 
the elder Wislioenus. He remained seven years at the Bavarian 
university, and on the demise of von Hofmann, in 1892, was 
Appointed professor and director of the chemical institute in Berlin 
University, a post which he filled with increasing distinction until 
his death, which took place in the night of July 14th, 1919, at 
Wannsee, his country home. Such, in the barest outline, was 
Fischer’s career — simple, straightforward, and honourable, like his 
nature. 

Amongst those who came in contact with him, the iiDoression 
left by Fischer is indelible, but the words to describe his personality 

VOL. CXVII. X X 
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do not readily come. Physically commanding, his authority rested 
on the solid foundation of natural dignity unmarred by self, 
assertion. The brisk, upright carriage marked the man of action; 
the glowing eyes revealed his attitude of constant, keen inquiry, 
the impatieiioe with trivialities was one aspect of his dommatin. 
steadfast control of essentials. With ordinary human perception, 
it was impossible for anyone to escape his contagious enthusiasm, 
and yet all the time the master did not obscure the man; fjt 
although his daily demeanour was tinged with severity, his heart 
when revealed was deeply kind, and, in circumstances of relaxation, 
joyous. The alert presence, the ardent gaze, and the resonant 
voice will not fade from the recollection of those to whom they 
became the symbols of a treasured experience. 

The salient cpiality of his life was unswerving singleness of pui- 
pose. Rapid satisfaction of reasonable professional ambition and 
the fact that he was only forty when summoned to Berlin did not 
distract him from his chosen path. The legitimate pride occasioned 
by the summons, the glad recognition of increased opportunities 
for research, the happy anticipation of entering an unlimited 
scientific eiiviromneiit were tempered by anxiety lest the social 
and ceremonial demands of the capital city should make senoiis 
inroads into the real work of his life. Even his sixtieth birthday 
celebration was, by his e.xpress desire, an almost domestic affair, 
Had he soiivht their presence, representatives of foreign academies, 
captains of'uidnstrv, and councillors of State would gladly have 
ioiiied his less exalted admirers in their tribute to the master, but 
the ma4er himself ordained otherwise, with one e.xception, all the 
participants were former students, old colleagues or members oi 


his household. 

Although the strictness with which Fischer contiiied his energy 
to affairs°of chemistiw was temperamental and due pniiianly to 
his natural and cultivated taste for the science, it is probable that 
his condition of health was a contributory factor. In the suimner 
of 1881 he suffered an attack of mercury poisoning, coiise<iuent ffli 
studvinv the action Ixdwceii mercuric oxide and alii.hatic hyar- 
azini; "neither he nor Hosier noticed until too late that luerc.^ 
diethvl is produced, although the odour did not escape von Bae ^ 
The direct effects of this imndent lasted three mon ^ 
years later Fischer fell a victim to the insidious 
pheiivlhydraziiie vapour. In his own words. 

Bascheii war iiieine erste nnd daueriulste chemisclie L>e 

haben mis bfi -lahre lang , taoM, 

wahrend viek- andere Mcnschen gk-ich dadurch zu ..c ^ 

Al^r daun brad, anch l-ei mir .las Uiigluck ein m.t 
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chronischen und iiusserst hartnackigen Vergiftung, und es hat 
12 Jahre gedauerfc, bis die Polgen beiseitigt warea.’' 

It is characteristic of the man that his work is devoid of 
"popular” features, although common experience at every turn 
traverses the materials with which he dealt. The task of explain 
ing the achievemeids of other great chemists, Pasteur, vou Hof- 
mann, or Sir William Perkiii, for example, is relatively simple 
but the fellow-citizen cannot hope to understand Fischer's chemist 
of the breakfast-table until he has learned that the operations of 
digestion are essentially chemical transactions of a subtle nature 
To the man whoee sugar ■‘melts” in tea, and who believes in a 
second member of the class, beet-sugar, and probably a third 
namely, sacAarin, how are the beauties of the sixteen stereo^ 
isomeno aldohexoses to be revealed ? How is it possible to explain 
to a wornan unversed in chemistry the family connexion between 
her silk dress and a scrambled egg? 

In literary style his papers are uiicompromisinglv ascetic The 
reader is quickly made aware of the subject abouUo be developed • 
m simple phrases the theme is pursued with a marked abseureof 
verbal oriiaiueut, and the treatment, although complete is so 
concise that a concluding summary of results is unnecessary. By 
this restraint Fischer has earned the gratitude of all chemists for 
the labour of assimilating his enormous output has been reduced 
thereby to a minimum. Failing thorough discipline in writing 
abstracts of scientific memoirs, a study of the literary method 
adopted by Fischer oilers the best possible training for the research 
chemist, old or young, „i preparing repoita of his own Investioa- 
tioiis. ® 

By the time he had pa:-.sed from Krlaugeu to Wurzbur^, Fischer’s 
reputation had become magnetic, and from that period Tii increas- 
ing iniiiibcr of doctorandi sought admission to his laboratory. The 
eggregate of these must be several liuiidreds, iucludiim many 
iiatioiialities, and with the passage of years he rei-eived, in addition 
« e customary distinctions accorded by his countrymen, the 
oiiour.s which it is the jiractice of foreign academics to offer He 
teaiiie an Ilouorary and Foreign Member of the Chemical 
ocic y 111 1893 ^ a Foreign Member of the Royal Society in 1899, 
ni an Itoiioiary Mernl'er of the Roviil Institution in 1904- he 
eceived the Davy Medal i„ l.^flO, the Xobel Prize for chemistry 

'iistii 7 r'''' from the Franklin 

■ stitute of Philadelphia in 1913. 

country, he was warmly 

kat tb " ^or believing 

e cordial feeling towards him which certainly existed 

X X 2 
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amongst Britisli chemists was reciprocated, a concrete illustration 
of this being given by the fact that his eldest son, Hermann Fischer^ 
passed two terms at Cambridge. Moreover, the many Euglishmoj 
who worked in his laboratory were quickly made aware of tb 
kindly feeling towards them which he cherished, an ereperients 
adding appreciably to the benefit they derived from the associa- 
tion, Thus the veneration surrounding his name in this coiiiitry 
could scarcely have beeu less, in depth and sincerity, than that 
acknowledged by his fellow-countrymen. It therefore gave lustra 
to the Perkin Jubilee in 190G when, as President of the Geraiai 
Chemical Society, he conveyed the cougratulaliOBs of that body to 
the veteran whilst conferring on him the Hofmann Medal. 

The following year, in which he delivered the Faraday I..ecture, 
marked another memorable occasion, postponed from 1895, wlen 
his condition of health did not permit acceptance of the invitatiot 
then given. The title of this address, namely, “Synthetical 
Chemistry in Relation to Biology," crystallises in a single pluKt 
the profound significance of his own work; for, when reviewed as 
a chapter which is closed, this must be regarded as having estab- 
lished on a firm ba.sis the fundamental, but bewildering, science 


of biochemistry. The assimilation of carbon dio-vide and water by 
plants, the variety and comple.xity of saccharide molecules pro- 
ceeding therefrom, the degradation of the proteins, the probable 
course' of their synthesis from amino-acids, and the power of 
assemblage or of ' disruption exerted by enzymes on all these 
building'materials of the animal and vegetable kingdoms, are 
subjects which Fischer not merely illuminated, but which he was 
the first to place in coherent arrangement and intelligible sequence. 
Recognition of the fact that all this was accomplished, not by 
revolutionary pnx-esses or tortuous theories, but by dexteroB! 
development of the thoughts and oprations expanded by Liebit 
von Hofmann, Pasteur, and von Baeyer, is perhaps the iigbet 
tnbute which can be paid to his genius. Indeeei, it offers tte 
greatest inspiration to le.s giftetl workers, who may thus 
encouragesl to perceive opportunities for discovery ^ 

cations of cla,- 3 ical principles : and pursuing methods o - 
simplicity may even arrive, by those devious jiaths w ic n 
themselves with delight and refreshment to an earnest mq ^ 
unexyiectedly, as on the lifting of a curtain, direct / a 

threshold of a fundamental truth. Kinchemical 

The natural curiosity which seeks to account for the 
trend of Emil Fischers researches can only take re uge 
dilection. There is nothing to explain it discovers 
associations or in the tasks of his young manhood. 
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Fischer, who passed the age of ninety-four, was an active and 
enterprising general merchant engaged in supplying the require- 
]nents of the peasant farmers inhabiting the Eifei ; associated with 
liis brothers, he was also concerned in a spinning mill and a brick- 
works close to his native town, and in the foundation of a brewery 
at Dortmund. Thus there existed every inducement for hia only 
son to pursue a business career, and Ernst Friedrichs was quite 
positive in declaring his conviction that no good would come of 
Emil when the young apprentice relinquished an opportunity 
which appeared to him so full of promise. During this abortive 
attempt to transform him into a timber merchant, Fischer had 
bpeu occupied with experiments in a home-made laboratory, and 
contemplated devoting himself to a study of physics; but his 
father, attracted by the handsome returns which the Rhenish 
chemical tactoriea were already beginning to show, finally persuaded 
him to become a chemist. 

His prepossession in favour of biochemistry was destined to 
resist another contrary influence. The doctorate thesis dealt with 
fluorescein and the phthalein of orcin, whilst his work on rosaniline 
in the Munich days would almost certainly have conflrmcd a less 
resolute mind in the pursuit of colour chemistry, then in the early 
flush of active growth. Moreover, this direction would have been 
a natural sequence to the powerful influence of von Baeyer, at that 
time immersed in the problems of indigotiii synthesis. Indeed, it 
is a noticeable feature in the development of his character that 
Fischer's work detached itself so completely from household 
authority and so raiiidly from early chemical environment. The 
only conspicuous mark of the training which he owed to von Baeyer 
was manipulative skill of the very highest order ; this was revealed 
by results achieved with uninviting materials, frequently used in 
very small quantities, by the inception and adaptation of ingenious 
experimental devices, and by the rarity of occasion to revise earlier 
conclusions of his own. Fortunate he undeniably was, hut the 
good fortune was thoroughly well earned by ceaseless industry. 
He was fortunate, for example, in the fact that nothing resembling 
the Walden inversion, that hfie noire of optical activity, disturbed 
Hie aldohexose configuration. Imagine the confusion which would 
have arisen if gluconic and mannonic acids, instead of being 
mioothly interconvertible when heated with quinoline, had given 
mixtures of idonic, gulouic, galactonic, lalonic, altronie, and allonic 
acids. Phenylhydrazine was a tremendous coup; but the prepar- 
ation was according to plan, although its reinarkahle propertier 
"'ere fortuitous, a happy illustration of "to him that hath shall 
l>e given.” 
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Nevertheless, that mysterious counterpoise of destiny, from whit}; 
the greatest and the humblest cannot escape, plunged him into 
profound sorrow at the meridian of his career. In 1888 he tjj 
married Agnes Gerlach, but the happy union was cut short by her 
death in 1895. Thereafter his three boys were tended by Frln, 
Margarete Barth, who administered his household for the remain, 
ing twenty-four years of his life with watchful solicitude. 

Early Il'orl:. 

Fischer entered the field of organic chemical research at the 
opening of its brightest ei)och. Largely in can.«equence of Kekiilei 
theory of benzene structure, the ground was ready for systematic 
cultivation : the advent of peace encouraged a willing and iiicreas- 
in«r band of workers to prepare themselves for fruitful labour; 
together they stood at the threshold of the imposing structure 
which was destined to arise during the ne.vt forty years. 

The act of reading, in 19-'0, the paper on phenylhydrazine com- 
municated from the Strasbourg laboratory in 187."), engenders the 
sensation of contemplating the mcalest source of a mighty river. 
In 1871, Streckcr (with llbmer) had treated benzenediazouimii 
nitrate with e.vcess of hydrogen pota,s.sium sulphite, obtaining a 
salt wdiich he repre-ented by the formula 

CeHa-NIU;Nin-S03lC,IL0, 

and givintr to diazotised aniline the exi'ression since associated 
with his name. In 1875 Fischer showed that two salts arise from 
the diazotised base and neutral potassium sulphite, namely, 
ami C„Hj'N,ir/SO,K-eHjO 

Potssdum benzcnetliaz'.niiim Potassium |)h™ylhydrazino- 

sulphite, sulphonate. 

The latter was identical with Streeker's, and Fischer carried the 
inquiry to another stage by acting on it. with Icenzoyl chloride, 
producing a sulMtancc (dil.r-nzoylidienylhydrazine) which gave 
benzoic acid and j>hf nylliydrazinc hv-lrochloride when heated mfh 
hydrochloric acid; in thi^ manner, phenylbydrazine itself was first 
oiitaincd a.s an oil, which ultimately became solid. Later in the 
same vear lie sim;ilil'ied the preparation of the base by addin" 
e.xce-s'of sodium sr.l|)hitc to beiizenediazonium chloride, completm" 
the reduction bv tnc.ans of zinc dust and hydrolysing the pbcnvl 
hydrazinoeMlpliomate with hot hydroclilonc .arid, Extending be 
process to diazotised siilphaiiilie arid, he prepared phenylhjdrazine 
siilphonic acid, which had been actually obtaiiierl by Streckcr an 
Komer ( 1871 ), because in this case they had heated the imhn 
preduct with hydrochloric acid to remove e.xces.= of alkali sulp i 
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Owing to the readiness with which hydrogen replaces the nitr(»o- 
roiip in secondary nitrosoamines, attempts hy other chemists to 
prepare aliphatic hydrazines had failed. Fischer succeeded in 
reducing nitrosodimethylamine to diniethylhydrazine, and, having 
prepared diethylhydrazine and phenylethylhydrazine, he repre- 
jjiited the primary hydrazine derivative by the formula 
CJTs-Nll-NH,. 

the beginning of 1876 he described ethylhydrazine, which arose 
from hydrolysing diethylsemicarbazide, and expressed the intention 
of applying this process to the production of hydrazine itself. 
Throughout this and the succeeding year the simpler changes 
undergone by phenylhydrazine were studied, and it is noteworthy 
that at this period Fischer preferred the Kekule formula for 
diazonium salts; he had regenerated pota,“sium plienylhydrazino- 
sulphonate from phenylhydrazine and potassium pyrosulphate, and, 
converting it by oxidation into the diazonium sulphite, was so 
impressed by the close experimental relationship between the two 
substances as to consider this an obstacle to the Strecker formula. 

A survey of these early pa()ers indicates the curious fact that 
although the power of phenylhydrazine to combine with aldehydes 
was quickly observed by Fischer, he doe.s not appear to have 
recognised its tremendous value as a general agent for the carbonyl 
group until nearly ten years after discovering the base. This is 
probably due to the distraction offered by rosaniline (see below) 
and minor investigations, by his translation from Munich to 
Erlangen, and by the work on caffeine (1881), which wa,s destined 
to lead him to the classification of purine derivatives. It is true 
that the action of acetaldehyde, henzaldehyde, and furfural had 
been noted, but it was probably the formation of the sparingly 
soluble and beautifully crystalline phenylhydrazone of pyruvic acid 
(1883) which revived the interest in his original discovery. The 
outstanding feature of 1884, an extraordinarily fruitful year, is 
the application of phenylhydrazine to carbonyl compounds in 
general, and the sugar group in particular. In that year, also, he 
explained the first transformation of a pjhenylhydrazone into an 
indole. 

Pyruvic acid phenylmethyl- I-Methylindole. 

hydrazono. 

induced by the action of hydrochloric acid, and he re-assembled 
the evidence supporting^ his constitutional formula for phenyl- 
hydrazine, Erleiimeyer having advocated the alt-ernative expression 
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Another interesting point in the early history of the pheny). 
hydrazones is that the name for these important products of co„, 
densation does not appear to have been introduced by Fischer until 
1888, when he represented them by the general expression 
NH 

>C;N-NHR instead of > although many attempts, sons 

of which are quite recent, have been made to resuscitate the cycloij 
representation, Fischer did not take part in the discussions, and 
the balance of evidence in favour of his formula preponderates. 

Even forty years ago, when the boundaries of organic chemistry 
were comparatively limited, the discovery of an entirely new class 
of highly reactive compounds by a novice must have been recog- 
nised as a portent; but the hydrazines were not the only subject 
with which Fischer's name came to be associated in the text-hooks 
with respect to work accomplished before he was twenty-five years 
of age. While in Munich he began collaboration with Otto 
Fischer, and in 1876 the cousins published their first joint paper 
on the rosaniline bases, obtaining from diazotised leucaniliiie the 
hydrocarbon, melting at 58°. These experiments were 

made with the commercial product, and, on repeating them with 
the dye prepared from purified /^toluidine and aniline, they showed 
in 1878 that the corresponding leueo-base gives triphenylmethane, 
CjoHk, melting at 93°, as recorded by Kekule, Franchiinoiit, and 
Heinilian. In view of its production from /r-toluidine, the dye 
was named, somewhat unfortunately, “ pararosaniline," and they 
proceeded to regenerate it from triiihcnylmethane by reducing 
Hemilian's trinitroderivative and oxidising the paraleucaniline 
thus obtained. They concluded (Ij that the rosanilincs producible 
from aniline and the tohiidines are homologues, of which the 
simplest, pararosaniline. has the composition whilst com- 

mercial fiichsine is a mixture, of which the principal constituent has 
the formula r.^HuN:,, a.s5igned by Hofmann, and (2) that the 
parent hydrocarbon of the whole group is triphenylmethane, of 
which, or of its homologues, the various leucanilines arc triannno- 
derivatives. 

Before proceeding to review the special branches with which 
Fischer's name is most conspicuously linked, it will be convenient 
here to notice a few developments of his earlier experiments which 
are not approjiriately included in the following sections. For 
example, the conversion of suitable phciiylhydrazones into den' 
atives of indole was extended in 188G. when it was found t a 
anhydrous zinc chloride so greatly facilitates the removs 
ammonia that the condensation jirodiict-s of primary and secoii 
arylhydrazines with all saturated ketones or ketonic aci = 
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taiuiiig the methyl or methylene group adjacent to carbonyl -can 
be transformed into the corresponding indole derivatives by loss 
of ammonia; as an illustration, acetonephenylhydrazone gives 
2 -methylindole, 








A similar change proceeds with phenylhydrazones of aldehydes 
containing the methylene group next to the aldo-nucleus, and 
dimethylindole, methylethyl-, phenylinethyl-, and phenylscatole, 
together with indolecarboxylic, dimethyliiidoleacetic, and dimethyl- 
iiidolecarboxylic acids, were prepared. 

Other examples of ring-formation were brought to light by 
Fischer. In 1883 he found that Ijeiizoylaeetone is produced by 
hydrolysing benzoylacetic ester, and, utilising this reaction to pre- 
pare o-nitrocinnamylacetone, he reduced this to acetonylquinoline, 

.oh:cu-co-ch„cO'Cil ^ ^ 

/\/ ’ “ /\/\ 

'\,/\so ^ 

Furthermore, nitrosoethylaminohydrocinnamic acid gave cthyl- 
hydrocarbazostyril, 


\/' 


CHj'CHj'COjH 


NEt-NO 


A 

\/\ 




>C 0 , 


NEl-XH'' 


N--CH 

whilst phenylpyrazoline, .A,j , 


was obtained in 1887 


from the phenylhydrazone of acrolein by the action of dilute 
sulphuric acid. 


Carbohydrate^, Ghicosides, and Depddes. 

111 the year 1886 , cheniisU recognised two aldohexoses (glucose 
and galactoi^e), two ketohexoses (fructose and sorbose), and one 
aldopeiito^e (arabinose); three hexobioses (sucrose, lactose, and 
maltose) were also known to be definite individuals, and one hexo- 
tnose (rafhnose). The general structure of glucose and galactose 
as that of straight-chain ]>eiitahydroxy aldehydes, and of fructose 
as a peiitahydroxyketone, also unbranched, had been detennined by 
the work of Kiliani, who relegated to its proper position as a 
tetrahydroxyaldehyd© the pentose, arabinose. erroneously classified 
hy its discoverer as an isomeride of glucose. In these few lines may 

X X* 
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be summarised the exact knowledge of crystalline carbohydrates 
the time when Emil Fischer approached the subject, and a true 
measure of the character and magnitude of hia constructive achieve, 
ment may be gained by comparing the foregoing synopsis with the 
modern classification of the hexose group as represented by 
projection formula. 

From that classification it is seen that amongst the sixteen 
optically active aldohexoses theoretically realisable, twelve have 
bwii either synthesised or configurated, or both, by Fischer and hh 
collaborators. His work on ribose made it possible to include 
(f-allose and (f-altrose in the list, of which there thus remain only 
the /-forms of these two aldoses unknown. It involves also tie 
statement that six amongst the eight possible c/Z-aldohexoses have 
been realised, whence it follows that /- and y//-allose with /- and 
r//-altrose are the only irriaring members of the twenty-four optio] 
isomeridcs comprised in the category. 

Highly as this admirable web of theory and practice must lie 
valued, its description is not a complete cstunatc of his finished 
contribution to aldohexose chemistry. The foregoing computation 
of possibilitie.s takes no account of the oxide rings now accepted 
amongst members of this cla,ss. His discovery of y-methylglucoside, 
and the consepient recognition of cyclic relations distinct from 
that occurring in a- and ^ gliioo.se, have oivened the way to a 
multitude of contingent isonierides, those of d-glucose alone 
nninbering ten, Thns Fi-dier not only elaborated his own sugar 
chemistry, but he addwl to this the foundation of a new carbo- 
hydrate 'cla.-sil'oation. the dLVflopmeiit of which will coiitimie to 
inspire the prostculion of inriniry by generations following hi- 


The instrument which enabled Fischer to bend his experimental 
deftness and liLs theoretical jK-netration to the puriwse of elabor- 
ating so delicate a stnictiirc was phenylhydrazine. In 1884 he 
found that with this agent glucose and fructose yield phenylglucos- 
azone, C,,II-,0(X,, whibt an i^omeride arises from galactose; under 
similar conditions, maltose and lactose resemble the hexose-y fora- 
inc indiviilual isomeric o-azoiies, (.'.,H;f.O(iX(, whilst sucrose, at 
first imlillercnt, gvadtially umlcrgces partial hydrolysis, geiieratins 
iihenylglucoi-azoiie from the i>roducts of inversion. Closer s u y 
showed that thri reaction has the- peculiarity of presenting a My 
hydrovenised compound, phenylhjilrazine, in the light o ai' 
o.xidisrng (dehydro,geiiisitig) agent. The first product is t e p 
hydrazoiie, which, owing to structural difference lietween g 
and fructose, is not the .same from lioth sugars; a second mo 
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of phenylhydrazine now removes hydrogen from the two phenyl- 
liydrezones, yielding two structurally different phenylhydrazones of 
glucosone, which then undergo condensation with a third molecule 
of phenylhydrazine to produce the osazone, 

HO'Cn2-[CII-OH]3-C(:N-NHPh)-CH:N-NHPh, 

coinnion to both. 

The extension of this reaction to all aldoses and ketoses, the 
formation of phenylhydrazides from sugar-acids, and the analogous 
application of substituted phenylhydrazines, have rendered invalu- 
able service in the identification and isolation of carbohydrates in 
general, because although the latter, when crystalline, are quite 
tlcfinite in purified form, they are amongst the most difficult 
materials to manipulate, on account of the’r tendency to remafn 
a.s a syrup in mi.xtures. 

bven more important, though less immediately obvious, has been 
the operation of this process in a synthetical direction. The 
aspiration artificially to firoduce grape-sugar is coeval with organic 
chemistry itself. Liebig had indicated the fascination of this 
problem, but the first practical step was taken in 1861 by Butlerow. 
whose methylenitan was a sweet, pale yellow syrup responding to 
common tests for glucose, but optically inactive and unfermentable 
by yeast. He polymerised trioxymethylene with hot lime-water, 
and twenty-five years later l.oew, having conveniently medified 
Hofmann's method of preparing formaldehyde, subjected this com- 
pound to the action of cold lime-water, thus producing a syrup 
which he called tormosc. In 1338, by means of phenylhydrazine, 
Fischer showed that formosc is a mixture of at least three aldehydio 
or ketonic polyhydric alcohols, of which one has the composition 
CjHioOj, and yields a normal o.sazone, Ci 5 H 2 ., 0 ,,N„ also producible 
from methylenitan. 

Fischer himself has staled that the directive infiuence on hia 
work amongst carbohydrates was the discovery of a- and fS-acrose. 
la 1887, associated with Tafel, he obtained from acrolein dibromide 
and baryta a syrujr which yielded two osazoues, isomeric with one 
another and with phenylglncosazone. These were called a- and 
^-phenylacrosazone, corresponding to the two synthetical sugars 
a- and fS-acrose, having the composition CjHjoOj. The former 
sugar he subsequently identified with df-fructose, whilst ^-acrose, 
which he suggested resembled sorbose, has been since recognised as 
the (//-form of that ketose (E. Schmitz, 1913). Thus was accom- 
plished the first defaiite synthesis, in their c/Z-modificataons, of the 
naturally occurring sugars, fructose and sorbose, 


X X* 2 
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CHj-OH 

GHj-OH 

CHj-OH 


CIO 

CO 

CO 

CO 

HO-|-H 

H- 

hOH 

H- 

-OH 

HO-I-H 

H--OH 

HO- 

l-H 

HO- 

-H 

H--OH 

H-'-OH 

HO- 

-H 

H- 

-OH 

HO-|-fl 

CH/OH 

CHj-OH 

CHj-OH 

OHj-OH 


d-Fructose. /-Fructose. d-Sorbose. /-Sorbose. 


a-Acrose. fl-Acroee. 

Great as was the advance represent-ed by the acrosazones, tie 
following step might well have daunted a less tenacious investi- 
gator. The acroses are optically inactive, and although reducible 
by sodium amalgam to hc.vahydric alcohols, of which o-acritol 
appeared, and was afterwards shown, to be identical witb 
cfT-mannitol, only 0'2 gram of a-acritol was obtainable from 1 kilo- 
gram of glycerol. Use had to be made, therefore, of another reac- 
tion, also very tedious c-Kperimentally, arising from the study of 
phenylglucosazone. When this compound is treated with hydro- 
chloric acid, it is hydrolysed completely, leaving the tetrahydroxy- 
ketonic aldehyde, gliicosone; on reducing this product incompletelv 
with zinc dust in acetic acid, the aldehydic group is hydrogenised 
selectively before the-kotonic, yielding fructose. By applying this 
process to a-acrosazoue, in comhination at subsequent stages wilt 
Pasteur's nietho<is of separating optical antipodes, the passage from 
inactive synthetic o-acro-^e to sugars identical in all respects witt 
//-glucose, //-fructose, and //-mamiose was ultimately effected in the 
following sequence: o aerobe — > ///-glucosazone — >■ (/f-glucosoce 
— > (//-fructose ( — /-fructose) — > (//-mannitol — > (//-mannose 
— V (//-mannonic acid — > (/ maiiiionic acid ( — >• (/-gluconic acid 
— > (/-glucose) — >• (/-mannexse — y (/-glucosazoiiB — y (/-fructose. 

One step in the above series, namely, the conversion of 
(/-mannonic acid into (/-gluconic acid, deserves attention, because 
the principle underlying it has lieen, in Fischer’s hands, one of 
the most fruitful devices in the construction and configuration o! 
new sugars, esjrecially in association with the cyanohydrin synthesis 
and the reduction of j>olyhvdro.\ylactoncs to the aldoses themselves. 
In 1890 he found that gluconic and mannonic acids are inter- 
convertible, an eciuilibriuin mi.xture of the two being produced 
when either is heated with quinoline at 140°- This was a far- 
reaching discovery, liecause it afterwards appeared that when any 
monobasic sugar-acid is heate-l with quinoline or pyridine, the fcn 
figuration of the carlwii atom adjacent to the carboxylic group 
becomes inverted or epinicri.'-ed ; gluconic and mannonic acids w 
consequently said to be epimeric. It was this principle, /e ° ^ 
by reducing the lactones of the resulting acids, which ena 
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Jischer to produce the artificial sugars /-glucose, tZ-talose, and 
fZ-idose through /-mannonic, cZ-galactonic, and d-gulonic acids, 
respectively, and the aldopentoses /-ribose and r/-lyxose through 
tarabonio and /-xylonic acids, respectively. 

The cyanohydrin reaction, although actually devised by Kiliani 
(188,5), was widely applied by Fischer, who regarded it as a great 
advance in the study of the sugar group. A typical example of 
its application is the conversion (1891) of /-arabinose, the dextro- 
rotatory pentose derived from cherry-gum, into Z-mannonio and 
/ gluconic acids. 


COjH 

HO-I-H 

JH--OH H O', followed 

HO- - K by hydrolysis 

ho-I-h 

OH, -OH 
/■Gluconic acid. 


cii:o 

H-I-OH 

HO--H 

OH, -OH 

/-.Arabinoso. 


CO,H 


Hex, [olloweU 

— — — 

by hydrolysis 


H- 

H- 

HO- 

HO- 


-OH 

-OH 

H 

H 


/■Mannonic acid. 


This opened a way to the artificial /-glucose and /-mannose, whilst 
a similar transformation of ^/-xylose (at that time known as 
/•xylose), the pentose from wood-gum and oat straw, gave /-gulose 
along with /-idose. The method was found io be capable of wide 
extension, and is limited only by the diminishing amount of 
material available for each succeeding step; thus, the following 
series were realised by Fischer: 


d'Glucose 


ra-Glucoheptose 

\)d-Glucoheptose 




/'a*Gliico-octose 

i^-Gluco-octose Glucononose.* 


d-Mannose — y Mannoheptoso Manno-octose — > ilannononose 
Rhamnose — > a-Rhamnohexose — >-Rhaiimoheptose — y Rhamno-octose 

In 1891 an attack was made on the complex problem of con- 
figuration, the system of which it has been necessary to assume 
hitherto in order to give a coherent synopsis within reasonable 
limits of space. Fischer s prooedtirc was based on the requiremeoita 
of van’t Hoff’s theory, from which it follows that the pentahydroxy- 
aldehyde of an unbranched carbon chain, in which five carbon 
atoms are each associated with one hydroxyl group, should appear 
in sixteen stereoisomeric forms, eight of these being enantiomorphs 
of the remainder. The projection formula of the sixteen possible 
aldohexoses are then assembled in ooiijuiictioii with the eight 
Feasible aldopentoses, thus indicating the trihydroxyglutaric acids 

* Subseqtiently extended to glucodcooso by Philipp© (1911). 
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derivable from the latter, the tetrahydroxyadipic adds correspond, 
ing with the former, and the structurally symmetrical pentitoij 
and hexitols. Recalling that (1) the cyanohydrin synthesis relates 
glucose to arabinose, and gulose to xylose, (2) the trihydrosy. 
glutaric acid from xylose is internally compensated, whilst the 
isomeride from arabinose is optically active, and that (3) saccharic 
acid arises from both glucose and gulose, but not from any other 
hexose, it is possible by a process of considered elimination to limit 
the representation of d- and f. saccharic acids to two configurations 
which are enantiomorphous, leaving the final selection arbitrary. 
The choice made by Fischer was a happy one, for he was abb finally 
to confirm it in 18D6, Having previously (1894) established the 

configuration of the three carbon atoms proceeding from the 

aldehydic group in rhamno.se, ho rlegraded the sugar by Wohl's 
meth^ to the corresponding nicthyltetrose; oxidation of this 
yielded rf-tartaric acid, the configuration of which is thus 
determined : 

ch;o 

ch:o cn,H 

H--OH ->■ H— OH H— Oh 

HO-'-H Jtu--ll H0--H 

CH(0H)CHj C11(0II)-CH3 C0,H 

Rliainnose. Methyltetrosc, d-Tartaric acid. 

Just as the internally compensated mucic acid yields, by equally 
probable disruptions, r/f-tartaric acid, so saccharic acid, and hence 
glucose, yield (•/■tartaric acid, thus providing the keystone for 
Fischer’s configurational system. 

Although it still simplifies discussion of the aldohexoses to repre 
sent them as containing a free aldehydic group, many years have 
elapsed since this view of their structure was modified. Amoiigit 
the earliest known compounds of organic origin are the ghicosides, 
for example, amygdalin, indican, salicin, atul myronic acid, owiny 
their class-name to the production of glucose on hydrolysis, which 
led to their being re-garded as ethereal derivatives of this or a 
related sugar. In 1893 Fi-clicr found that under the influence 
of hydrogen chlori'ie. glucose combines with mctiiyl alcohol to ionn 
the simpfest of the glucosidcs. which he called metliylglucoside, m 
the discovery ultimatelv elucid.ated the structure of the 
polysaccharides and of glucose itself. He soon showed tins methri 
of synthesis to be general with aldoses and ketoses for the one 
part, and applicable to the alcohols in which they are so lu e 
the other; somewhat similar methods lead from acetone an u 
aldehyde to the i^upropylidene and bensylidene . 

respectively, products which have tieen applied to the prepa 
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of inonch, di-, and tri-methyl derivatives of glucose (Irvine and 
Scott, 1913). Whilst Fischer indicatea the probability of isomerism 
following the asymmetry of the methoxylated carbon atom, the 
second methylglucoside was brought to light by van Ekenstein 
(1894). The mechanism of glucoside formation, in which it seemed 
convenient to make an arbitrary selection of alternative formulae 
for the o- and ^-modifications, was then tentatively represented as 
follows : 


CH,-0 

\ 

CH ^ 

CH(0-CH,)j 

O-CH, 

j I 

JiLi n 

HU-OH 1 

HOOH 

Hti-OH ! 

1 0 

1 

1 U 

HO-lH . 

. 0 - HO-CH 

HO-CH 1 

1 

HC ! 

— T 1 -rr — 

HCOH 

1 1 

HC 

H(J'OH 

HC-OU 

HtJ'OH 

CHj-OH 

CHj-OlI 

CHj'OH 

a Methylglucoside. 
[a]„ 15T. 

“ Glucose 

j 8 -Mothyl* 

dimethylacetAl’' 

(syrup). 

glucoside 

[.b-sr. 

This proposal was 

ill accord with Tollcns' 7 

•oxide (preferably 


butylene o.xide) formula for glucose (18S3), and offered a sub- 
stantial basis for the highly probable explanations, by E. F. Arm- 
strong and by Lowry, of the long observed mutarotalion of that 
sugar. The isolation of glucose in a second form was achieved by 
Tanret (1896), and it was subsequently accepted that a-glucose, 
with [a]jj 110°, and 3-glucose, with [a]jj 19°, pass, on dissolution 
in water, to an equilibrium mixture having [a]^ 5‘2-5°. Simons 
view (1901) of a- and 3-glucose as lower homologues of a- and 
^-methylghicosiile, respectively, has l>ecn confirmed by E. F. Arm- 
strong (1903), 'who correlated each methylglucoside with its parent 
glucose through the agency of an appropriate enzyme. 

There the question remained during the next ten years, when 
the seed of revolution was sown by Fischer himself. In 1914, 
-T. U. Nef, who had been occupied with a protracted survey of the 
oxidation undergoiie by sugars in alkaline solution, challenged the 
foregoing conception oi methylgluco.'idc isomerism by claiming this 
to be structural in place of steric, and representing the of 

methylglucoside and of penta-acetylglucose as propylene o.xides 
instead of butylene oxides. Strong arguments against this dis- 
turbing proposal were brought forward by Fischer, who 
simultaneously (1914) described a third methylglucoside. The 
syrupy companion of a- and 3 -methylglucoside, hitherto assumed 
to be the dimethylaoetal, was distilled under 0‘2 nun. pressure, and 
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found to be isomeric with them; it resembled them in stabiljt 
towards alkali and Fehling’s solution, but revealed a profound con 
trast in its behaviour towards acids, which hydrolyse it with extra 
ordinary readiness. Moreover, whilst a-methylglucoside is hydro 
lysed by nialtase (not by emulsin) and ^-methylglucoside is hydro, 
lysed by emulsin (not by maltase), y-methylglucoside is indifferent 
to both. Fischer conceded the probability of the new glucosidj 
owing its individuality to another form of oxide ring, and waj 
inclined to regard it as a mixture of two or more such isonierides 
Both possibilities have been supported by Irvine, Fyffe, and Hooir 
(1915) from a study of tetramethyl-y-glucoside and tetramethyl.°* 
glucose, in which eniphasis is laid on the readiness with which it 
undergoes condensation with acetone and on the instantaneous 
o.xidation of the new luethylglucoside by cold alkaline potassium 
permanganate, an agent which has no effect on the o- and /3-niethyl. 
glucoside. 

This remarkalile behaviour towards permanganate invites com- 
parison between the derivatives of y-glucose and glucal, obtained 
as the triacetyl derivative on reducing jS-acetylbromoglucose 
(Fischer and Zach, 1913). The conversion of triacetylglucal 
through the dibromide and the related bromoliexose into phenvl- 
glucosazone. and the oxidation by ozone to triacetyl-iAarabinose 
(posthumous publication with Bergmaim and Schotte, 1920), 
indicate the first and seixmd carbon atoms as participants in the 
double linkage of glucal, the relationship of which to (/-glucose 
and (Aarabinose is conse<iuently represented as follows: 


HO-HC 

HC-OH 

HO-CH 


HC 1 

I I 

HC 


HC 

HC-OH 

CHj-OH 

d-tllucose. 


O 

HO-CH I 

HC 

HC-OH 

i'h,-oh 

('flue at 


HO-HC- 

HO-CH ,, 

I ” 

HC-OH i 
I I 

HC 

CHj-OH 

(i- Arabinose. 


Glucal i? thu.-i a flerivative of dihydrofuran, and gains piquancy 


from having l>e«;uile<i Fischer into using rare words of enthusiasm 
when describing its production, which, he declared. " vom Staiui- 
punkt der .Striikliirchemie betracIUet, einer der inerkwiircligjteii 
Vorgange i?t, die man bisher in der Zuckergruj>pe keiinen gelenit- 
hat. Sie bewei.-t von neuen. welch wunderbarer Stoff der Traub^u 
sucker ist.” 

Although Fischer did not commit himself to the particulai 
of oxide representesl by y-glucoae, which has not' yet l>een isolat 
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j point has been reached which indicates an ethylene oxide-ring 
structure for this compound. Before passing to the next branch 
of the subject, it should be mentioned that the experiments of 
Boeseken (1913) on the conductivity of boric acid as influenced by 
polyhydroxy-corapounds have thrown some doubt on the accepted 
configuration of the a- and 0-methylglucoside, in which, according 
to his deductions, the relative positions of the terminal methoxy- 
group and hydrogen atom should be inverted, and the correspond- 
iiiii rearrangement made in o- and /J-glucose. 

Ill conformity with his observations on artificial glucosides, 
Fischer represented the disaccharides as hexosidcs composed of the 
hexoses into which they are resolved by acids or enzymes, one 
hexose molecule playing the part of the methyl group in the less 
complex derivatives. Thus maltose and lactose were represented 
(1893) by the structural formula 

H0-CHj-CH(0H)-CH-[CH^OH],-CH-O-CH2-[CH-0H],'CH:0, 

ot which the left-hand portion stands for glucose in maltose and 
for galactose in lactose, whilst the remainder is glucose in both. 
Moreover, the relationship to the methylgliicosides was shown 
(1894) by their behaviour towards emulsin, which hydrolyses lactose 
(glucose-j3-galactoside) and is without action on maltose (glucose- 
o-ghicoside). Structurally, this agrees with the oxidation of lactose 
to the monobasic laotobionic acid, and of maltose to the 

isomeric maltobionic acid (1889), which on hydrolysis yield 
galactose and glucose, respectively, associated in each case with 
gluconic acid ; moreover. lactosecarboxylic and maltosecarboxylic 
acids, obtained from the respective disaocharide by the cyanohydrin 
reaction, yield the above-mentioned he.xoses in company with 
a-glucoheptonic acid when hydrolysed. 

Sucrose (cane-sugar), being devoid of aldehydic or ketonic 
attributes, is at once a fructoside and a glucoside. Fischer's 
formula (1893), based on that conception, remained unchallenged 
until his isolation of y-incthylglucoside, when he drew attention 
to the similar behaviour of these two substances towards acids. 
Whilst it is assured that the glucose residue has the same type of 
oxide ring as that of the a- and d glucosides, his inference that the 
fructose component is in the y-form (that is, an ethylene oxide) is 
supported by Haworth and Law (1916), who adduced new argu- 
ments in favour of representing sucrose by a formula in accordance 
therewith, subsequently confirming (1919) Fischer's original repre- 
sentation of maltose, in which the free aldehydic group is modified 
to the now conventional butylene oxide. By application of the 
mcthylation process, with which the St. Andrews laboratory has 
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been so conspicuously associated, Haworth (1918) was led to 
Fischer's modified lactose formula (1893) to melihiose. 

With so constructive a mind and an armoury of synthetical 
method so full of weapons, the magnetic problem of elaboratint 
polysaccharide molecules was not likely to be neglected by Fischer” 
The individuality of womaltose, produced by the action of cold 
fuming hydrochloric acid on glucose (1890 and 1895), was actively 
criticised; indeed, it was shown later by E. F. Armstrong that 
although i.somaltose is formed in this process, it is accompanied by 
maltose. Subsequent attempts, however, were based on unassail 
able foundations. The first of these, in association with E, f, 
Armstrong (1902), depends on the action of ^-acetylchloroglucose 
on the sodium derivative of galactose, and of ^-acetylchlorogalactcts 
on the sodium derivatives of glucose and galactose, the resultiii; 
disaccharides forming osarones. The galactosidoglucose closely 
resembled melibiose in it,-; behaviour towards enzymes and the Ics 
delicate chemical agents, but the glucoaidogalactose was distintt 
from lactose; all three resembled the (S-glucosides in being hydro- 
Ivsed by emulsin. From jS-acetylbromoglncose and silver carbonaU 
there was produced the octa-acetyl derivative of a disacebarida 
called i-'-otrehalose (Fischer and Delbriick, 1909) from its dost 
resemblance to the carliohydrate which is found in many fungi, 
and which apitears to play in these the part of sucrose in cliloro 
phyllaceous and starch-bearing plants; apiilication of this method to 
aoetylbromolactose gave distinct evidence of a tetrasaccharide being 
formesl (1910). but this compound was not defined. 

The group of acetyl-halogen derivatives, typical members oi 
which are involverl in the reactions just described, was destined to 
perform important- service in Fischers later work. hen the 
action of hvdrogcn bromide on penta-acetylglncose is protracted 
beyond the [leriod required for conversion into tetra-acetylbromo- 
gliicose, a second acetoxy-gronp is displaced by bromine, and fi-tn- 
aoetvldibromogliieose arisi-s (Fischer anti E. F. Annstrong, IDd.! 
Exchange of one halogen atom lor the methoxy-group leads to 
triacetylmethvlglncodde bromohydrin, ismverted by warm baryta 
into the anhydromethylglucoside, r 7 ll|.Al-.. which is hydrolysed by 
acids to anhydroglncoso (Fischer ainl /ach, 1912)- 

CH:B7[CH-r)Ac]j-i;H-(.;H-(OAc)-CH.;Hr 

Triact'lyM»br«>n>oeln4*o>:«V 

HO-CH-C H(OH)'C 

Anhydroglucose. 
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TMa is crystalline, produces colour in 

crystallme derivatives with phenylhydrarJn * uf 

;odium amalgam gives anhydrosorbitol ■ 

tallows oxidation by bromine ' ’ ““^‘^''“gl'ioouic acid 

figuration of the undetermined carbon '’V “ the con- 

With Zach, he found that replacement'* TJ" ' 1 ’**““°“ ( 1912 ). 

gave a triacetylmethylglucoside leadiuv'’l V^rogen 

complete hydrolysis, proving that th. k “ ^ “'‘^l*'y'P«ntosc on 
nethylglucoside bromohydrin occupies thlT'^- '‘‘f" 
isiu. It was further discovered that tl, '**^'"* 
is optical antipode of tWhamnose whi is 

MeO-Ctt- 


CHBr- 

H-j-OAo 
AcO--H 
H-l- 0 — ' 
H-i-MAc 

UHjBr 

Triacetyldibromo- 

glucose. 


H-j'OAc 

AcO-j-H 

H-l-0— 

H--OAc 

CHjBr 

Triacctylmcthy! 

gtiico.s(de bromo- 
bydria. 


HO-CH p- CH-OH 


H-.-OH , 

H-I-O-- 

H--OH 

a;t<«Rhamnose. 

(w^fthodeose.) 


H-- 0 H 

h-'-oh 

-O-l-H 

ho-I-h 

CH, 

LRhamnoge, 

(Rhamnose.) 


Another remarkable application nf .l 
• jnthesi, of mandelonit,uLgl„r;e Hi""' 

i'lscher (1895) as a crystalline In. ’ . ” ^ '>'^<^>>'^4 by 

of hydrolysing with Kashm’altaTthrdisrh^d""” 
myidalm without severing the connevion S^oup in 

sod the residual he.xoso ■ suhseoLntl 1 "andelonitrile 

-->y, -nibunignn fr;,: r2'J;r7-^ 
quelot and Daniou tldnat j , ‘ by Bour- 

by itlisly mLrVM'T"^ '»™- 

freogiiised all thre ^ o i ^'“1 Courtiuld (1907) 

^ glMosii and “ '^'“andelonitrile- 

oonfirmed by the ! 'T*'" f" vras 

ifollo'ved Ihe^ actio/ of ‘sdv 191?), which 

»olteu ethyl .r * ""‘yll'-'ornoglncose in 

Ssfoooside w h t ; f ? ; "'-“-delamid. 

I' ‘0 be, revrett “> '>«H> «liv6 forms 

PooecsTtr tt did not survive to extend 

^beved to bo “ein /**• ^ he 

“"stniirten Divlucose "" n! “d®' «“>• Sbnlich 

“ «f '■IS last papers, however, describes 
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the synthesis of glycollonitrile-glncoside (1919), the simplest of tl, 
cyanogenetic glucosides, iininediately following that of linasiarii] 
(from flax), the glucoside of aoetonecyanhydrin. 

Recalling the manifold parts played by the substituted 
group in animal and vegetable metabolism, it is a singular tajj 
that so few amino-derivatives of a glucose type have Ijeej 
encountered amongst the products. It was natural, therefore that 
glucosamine, isolated from lobster shells by Ledderhose (18"j| 
should attract Fischer's attention, because its empirical relationsh 
to glucose is expressed by a simple intercliange of hydro.xy. ajJ 
amino-groups; the actual connexion, however, is elusive, for whilst 
indirect processes of replacement (Irvine and Hynd) lead various! 
to (/-glucose (ISril and (/-mannose (191-11, thus ^intinv to a 
Walden inversion, the direct action of siitrous acid involve 
dehydration in addition to the normal exchange 

The component of lobster shells which yields glucosamine haviji 
been called chitin, the siigar-like product, from the has 

and nitrous acid was called chitose; this was oxidised to chitoiiir 
acid, C,.,H,,)Oo, by Fischer and Tieraann (1894). By the same 
change they related glucosamine itself to chitamic acid, this being 
synthesised from (/-arahiiiose (1903) by Fi.scher and I>euehs, svh« 
then reduced it to (/-glucosamine; later in the same vear Fischer 
and Andreae connected chitose and chitonic acid experimentally 

CH-CH 

HO-CH,’C-0'(Jh'C0,jH' 
which is also rclato<l chitaric acid, the product from chitamic 
(glucosamic) and nitrous aci(l<. Thus chitose. whether regarded as 
an aldehyde or a butylene oxide, is derived from tetrahyclrofuran, 

The triaoetylniethyiglucoside bromohydrin already meiitiouei wa^ 
utilised by Fischer in relation to ^ducosamine. With Zach (19111 
he found that aniinonia converts it into a j^-inethylglucoside, ia 
which the aniino-j^roup has rcplaml hydroxyl; but hydrolysis,! 
instead of ]iroducini; glucosamine, led to an isomeride. It has to 
be admitted that this branch of sugar chemistry retains a some- 
what perplexing a-^ficct, to which the loos© nomenclature involve*! 
in such exprev-^Mions as ' aminoglucose, ’ “ aininofructose, and 
“ methylglucosamiiie " contributes. This is all the more regrettable 
in view of the great biochemical interest attaching to glueosamme 
as a coniwting link l>ctw'een carbohydrates and amino-acids. 

Before closing this chapter, there remains to W described one of 
Uie most remarkable achievements in a series unsurpassed by any 
organic chemist, namely, the synthesis of tannin. In 1908 Fischer 
required the chloride of chloroacetyltyrosine for the synthesis o 
glycyltyro^ylglvcino, and, Iwing emharras'=ed by the pre-ciit-e ofti 


with hydroxymethylpyrnmucir acid, 



IOKSTKE: EMIL IISCHEE MEMORFAL LBCTtJEE. 1177 

iheBol'® group, protected this, prior to treatment with phosphorus 
jentachloride, by substituting the methylcarbonato-group for 
lydrogeu. Immediately applying this device to phenolcarboxylic 
icids, he prepared jr-hydroxyhippurie acid (the isomeride of 
ilicyluric acid) with galloyl-2^hydroxybenzoic and p-hydroxy- 
Biizoyl-p-hydroxybenzoic acids. Anhydrides analogous to the last- 
lamed were rapidly multiplie<l, and were named “depsides” by 
Fischer and Freudenberg (1910), owing to the resemblance which 
jiany display towards the tannins; in parallel with the poly- 
peptides and polysaccharides, such compounds may be classified as 
lidepsides, tridepaides, etc., typified by the formulse 
HO-C^HpCO-O-Cclla-C'O-O-CcHpCOoH 
jnd (HO'C8^4'CO'0 )o’CjHj’COoH. The only recognised natural 
sources of the depsides are the lichens, of which the best known 
constituent is lecanoric acid, the depside of orsellinic acid, and in 
conjunction with his son Hermann, Fischer synthesised lecanoric 
acid (1903), and represented it as the p-ester, 

HO-C<p||.c^oh*)^C'CO-0-C<p||;c(qh‘>C'CO,H, 

of which ev^niic acid is the //-methyl ether. 

The history of the tannins dates from the eighteenth century, 
but from the standpoint of this review the earliest year of import- 
ance is 1852, when Strecker deduced the formula for 

gallotaiinic acid or gall-nut tannin, which he regarded as a com- 
pound of grape-sugar and gallic acid in the molecular proportion 
1:3. For half a century there prevailed a conflict of opinion as 
to the presence of a gluco^ residue, the production of sugar on 
hydrolysis being denied by several chemists, and the proportions 
in which it was obtained by the followers of Strecker varying mu(di 
amongst themselves. Tn consequence of this uncertainty, SchiS’s 
view (1871) of tannin as consisting principally of digaUic acid pre- 
ponderated until recently. The conductivity measurements by 
Walden (1897). however, paved a way for the unquestionable 
differentiation of the (wo materials by Fischer, who synthesised 
digallic acid in 1908 and found it to he crystalline, although 
astringent; moreover, in 1912. having adopted a method of purify- 
ing the principal constituent of Chinese tannin and of producing 
specimens having con.-tant optical activity, he and Frendenberg 
pJ'oceedeil to show that when hydrolysed with sulphuric acid it 
yields 7 to 8 per cent, of glucose, an amount which they regarded 
as probably too low in view of the fexteiided period occupied in 
completing the operation. They then expressed the opinion that 
the principal constituent of tannin is not a glucoside, but a sugar 
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«ster comparable with pentabenzoylglucose, in which the acyl 
is that, of digallic acid. Expressed by the formula 

C„HjO,[Qn,(OH)3-CO-0-C„H2(OH)2-CO]5, 
such a compound having the molecular weight 1700 would yield 
lO'G per cent, of glucose and 100 per cent, of gallic acid oi 
hydrolysis. 

At the time of making this very penetrating simculation, they 
synthesised pentagalloylgliicose, which they found to be a taniiij 
not identical with gall-nut tannin, but resembling it closely 
taste, solubility, amorphisin, optical activity, and feeble acidity. 
moreover, it precipitates gelatin and alkaloids, becomes gelatinous 
with arsenic acid, and develops colour with ferric chloride, Ij 
the course of this investigaticn they prepared hepta(tribenzoy!. 
galloyl)-/>iodophenyln)altosazone, a freak molecule of gigantic 
dimensions (M.W. -101:1). vastly exceeding those of any other 
synthetic product. 

Valuable as the use of nietliylcarl>(>nato-derivatives had proved, 
it did not suffice to perfect the aim in view, namely, to synthesife 
the main principle of Chinese tannin. This was accomplished in 
1913, following the observation that the corresponding acetyl com- 
pounds are superior to the nu'thylcarl>ouato-derivatives for depside 
production. In making this advance, Fischer e.xplaiucd that the 
aoetylated plienolcarboxylic ai'ids would certainly have been used 
much earlier had not he Ixvn misled by the statements of previous 
workers as to the ditliciUy of removing the acetyl group, which 
actually proceeds quite smoothly. The chloride of penta-acetvl- 
m-gallic acid, unlike the methylcarbonato derivative, is crystalline, 
ami with jS-glucose yields the compound, 

which is lie acetylated by cold aqueous sodium hydroxide at Oh 
giving penta(m digalloyl)-d-glucose (Fischer and Bergmaiin, 1316). 
The resemblance between this artiliciat tannin and the principal 
constituent of t'hine.se tannin is iiuich closer than that offered b)' 
pentagalloylglucose; the two materials are, in fact, indistiiiguiili- 
able, excejiting with resist to optical activity, and the same 
remark a])[)lies to [lentafw digal!oyl)-a-gtucose, the recorded [»]b 
in water l>eing -IS'S'' and for the derivatives of o- ami 

0-glucose, respe’ctively, and 70° for the purified Chinese tanmn. 
The correspondenre Wweeii the potassium salts (1919) is e'M 
closer, those from Chinese tannin, jtentadigalloyl-o-glucose, a 
pentadigalloy'fl glucose having [o]p 4()'3°, 56 6, and 
rc6 p^cti V€^l y It 

It is the-efore justifiable to claim that gallotannic acid or ga 
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„ut tannin has be«n syntkesised. Incidentally to this remarkable 
conclusion, it was observed that when acylated p-digallic deriv- 
atives are hydrolysed, even by the most delicate methods, the 
tralloyl nucleus is transferred from the para- to a meta-hydroxy- 
uroup; fo'" instanoo, under the influence of alkalis, ammonia, or 
mineral acids. 


CO.H 


Ac0l.,^^l0Ac 


/\ 

changes to Hol I' 


0-C0-CjHj(O.\c), 


\/ 

Ull 


lOGa, 


and hence penta-acetyl-p-digallic acid yields m-digallic acid. 

Thus was brought to a conclusion, in the closing months of his 
darkened life, that illustrious chapter of chemistry with which 
Emil Fischer first drew on himself the admiration of his. con- 
temporaries. It represents the fruit of thirty-five years’ un- 
remitted labour and the ripening of an intellectual and experi- 
mental technique but rarely developed in the history of scientific 
endeavour. Begun in the vigorous days of his early manhood, 
when domestic happiness suffused his professional activity and 
adorned the promise of a brilliant career, it supported him in his 
first tragedy, stirred to the utmost the deep resources of his mind, 
and finally solaced those concluding years in which he was com- 
pelled to witness the pillars of Pnissianism crumbling at the feet 
of his disillusioned and Irewildered countrymen. 


Purine Derivalires. 

Some of the most notable figures in chemical history have devoted 
themselves to the problems which cluster round uric acid and its 
allies. Scheele, Bergmaiin, Fourcroy, Prout, Liebig, Jlitscherlich, 
IViihler, von Baeyer, Strccker. Stenhouse, and Gerhardt are found 
ill the list of names connected with the subject, and to a high 
place of honour in this galaxy Fischer is most assuredly entitled. 
Betw'een 1881, when he resolved caffeine into methylcarbamide and 
dimethylalloxan, and 1914, the year in which he synthesised a 
nucleotide in the form of theophylline-rf-glucosidephosphoric acid, 
the literature was enriched by a succession of systematic observ- 
ations which reached a clima.x in 1898, when he derived purine 
from uric acid by means of indirect deoxidation. 

Although uric acid was discovered in 1776, fifty-eight years 
elapsed Ijefore its composition was established, and four years later, 
m 1838, Liebig and Wohler published their comprehensive survey 
of its oxidation products; the true nature and significance of these 
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were revealed l>y von Baeyer’s experiments, described in 1863 and 
1864, thus preparing the ground for the now accepted constitn 
tional formula proposed by Medicos iti 1875. This was confirm^j 
in 1888 by Behrend and Roosen, whose synthesis of uric acid, unlike 
its predecessors, was achieved by definite steps, a feature also of 
that by Fischer and Ach in 1895. The modern system of notation 
according to which the diureides are classified as derivatives of 
purine and referred to the bieyclic nucleus, 


N(l)-C(6)-C(5)-N(7) 

C(2)-N(3)-C(4)-N(9, 


>C(8), 


was promulgated by Fischer in 1897. thirteen years after his intro- 
duction of the name (ptirum : uriciim) in connexion with the niethv-i 
derivative. The relationship 


. O.H.N/V 

Uric acid, 
(2:6:8Tri. 
oxypuriiie.) 


M.O, 

Xanf hino. 
(2: {y-Dio.ry- 
purinf.) 


C,H,N,0 

Hyjx>xanthine. 

(6-Ox^pimno.) 


Purine. 


was thus consolidateJ, the catalogue of purine derivatives con- 
tributed by Fischer and his collaborators prior to 1900 enibraeing 
upwards of 130 individuals. 

The readiness with which caffeine lends itself to experimental 
treatment led Fischer t<? oiien attack on the ])roblem of uric acid 
by first olucidatiiig tiie coiistilutioii of that base, and a preliminarv 
comuiuuicatiqp thereon appeared in 18S1. Ilis introductory work 
dealt also with xanthine, theobromine, and guanine. By oxidising 
aqueous caffeine with chlorine, Rociilerler had olrtained ainalic acid 
(tctramethylalloxantinl, which Fi.scher showeii to be preceded by 
chlorocalTei ne, and to arise from tile action of hydrochloric acid 
on dimethvlallo.xan ; tire latter substance and inethylcarbamide were 
found to be the jrrincipal procliict.s of o.xidising caffeine in tbe 
manner indicateel, and it was proved convenient to prepare chloro- 
caffeine i>y acting with tire halogeit in alsscnce of water. Siniilarlyj 
theobromine wa.s oxidisetl to metliylcariiamide and methylallo.xan, 
showing that when caffeine is pro<inced by methylating theo- 
bromine, the entrant methyl group liccomes attached to the alloxaii 
ring. Next, imjiroving the preparation of .xanthine from giiaiiiue. 
Fischer oxidis*-d it to alloxan and carbamide, and by acting on the 
lead derivative with methyl ioilide obtained theobromine; on the 
basis of these and subsidiary experiments, he assigned the following 
constitutional formnl® (-ce, however, later): 


NMe CFl C NMe.^ „ , NMe-CHiC-NMe 
Ca0t?in«'. Tlieobroinino. 


CO-NH'C^N^ 

Xanthine. 
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II is noteworthy that even at this period (1882) the products 
interested him from the standpoint of relation between chemical 
constitution and physiological action ; moreover, Dr, Ludwig Knorr 
is mentioned as his assistant. 

In 1864 Strecker stated that Rheineck had reduced uric acid to 
xanthine and sarcine (hypoxanthine) by means of sodium amalgam, 
but he never mentioned the subject again, and did not include the 
observation in his " Lehrbuch." Fischer found that uric acid is 
not changed by sodium amalgam, and likewise that, contrary to 
the statement of Kossel, hypoxanthine is not converted into 
xanthine by nitric acid. Thus in 1884, uric acid, xanthine, and 
hypoxanthine, so similar in origin, behaviour, and composition, had 
no direct experimental connexion with one another. In that year 
Fischer studied methyluric acid in the hope of establishing the 
foregoing relationship with respect to the methyl derivatives of 
xanthine and hypoxanthine. To the existing compound, which 
gives carbamide and methylalloxan on oxidation, he added an 
isoineride, which yields methyloarbamide and alloxan when 
oxidised, and is converted by phosphorus peiitachloride into tri- 
chloromethylpurine, from which methyluric acid can be regener- 
ated. Complementary also to the dimethyluric acid, which gives 
methylcarbamide and methylalloxan when oxidised, he discovered 
ail isomeric dimethyl derivative yielding cholestrophan (dimethyl- 
parabanic acid). It was thus established that, in addition to the 
ring which appears in the form of alloxan (mesoxalylcarbamide), 
uric acid contains two imino-groups associated with one another as 
in carbamide itself. The mcthylation of uric acid was then carried 
to the trimethyl derivative, apparently isomeric with hydroxy- 
caffeine (see later), and to tetramethyluric acid, isomeric with 
methoxycaffeine, hut having all the methyl groups attached to 
nitrogen, thus indicating the presence of four imino-groups in urio 
acid, as required by the structural formula previously advanced by 
Hedicus. This was further confirmed in 1895, when Fischer and 
L. Ach added the final step in the transformation, 

NH-CO-CH-NH, NH-CO-CH-NH-CO-NH, 

CO’NH-CO — CO-NH-CO ^ 

Uramil. Pseudo-uric acid. 

NH-CO-C* 

I II 

CO-NH'C- 

Uric acid. 

Then, applying this jirocess to dimethyl;jsf«.?ouric acid, they pro- 
tiiiced a third dimethyluric acid, convertible by phosphorus penta- 


NH, 

NH 


>CO, 
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chloride into chlorotheophylline, from which theophylline arises on 
exchanging halogen for hydrogen: 


HMe-CO-C-NH 

GO-NMe'C-NH 


>00 


Dimethyluric acid. 


NMe-CCKC-NH. 

6o-NMe-6==N>‘^0 

Chlorotheophylline. 


This completed the synthesis of theophylline, and, incidentally, of 
caffeine. 

Then arose a situation which is rarely encountered in the course 
of Fischer’s investigations. He was compelled by his own e.xperi- 
ments to revise the strnctnral formulae which he had assigned to 
xanthine and its derivatives, caffeine, theobromine, and theo 
phylline. In 189o he had produced a fourth dimethyluric arid by 
exchanging halogen for hydroxyl in broinotheohromine, and the 
simplicity of this procedure did not harmonise with the profound 
structural rearrangement apparently involved. A more rigid 
examination of hvdroxycaffeine, Irelieved to l)e isomeric with tri- 
methvluric acid, showe<i it to Ix' identical with that substance, and 
by varying the conditions of methvlation, tctramethylnric acid was 
obtained from it. Moreover, hvdroxycaffeine was produced without 
difficulty from the corresponding trimcthylpscm/ouric acid, and 
finally by direct methvlation of uric acid itself. In consequence 
of these discoveries. Fischer mudiliod his previous expressions and 
assignefl the following in 1897 : 


NMe-CO-C-NMe ^H-CO-C'NMe. 


CO-NM--C — N' 

Caffeine. 


CO*NMe*0— 

Theophylline. 


CO-NMe-C — 
Theobromine. 


During hi.s invostigalitni of melhyluric ncid in 1884, Fischer 
had found that phosphorus pcntadiloride in presence of the oxy- 
chloride easily replaces two, and finally all three, oxygen atoms ty 
chlorine, producing trichloroincthylpurine. In 1897, asisted by 
L Ach, he converted uric a^-id by the same proce.-8s into 
dichloropunne, re<luril>le to 8-oxypunno isomeric with hj^ 
.xanthine, and convertible by ammonia into G-amiiio-8-o.xy-.-cWoro 
purine; this was rc.lucod to li-aminoH oxypunne " 

guanme, from which nitrons aidd produced 
Lmeric with xanthine. The r-omplete replacement of o.xyg -i I 
chlorine was much more difficult, but by " .yj jt 

dichloropunne with seventy parts of phosphorus o^y 

l.oO’, Fi.-ohei obtai 1 trichloropurine. a ™ ^ ding 

the 7- and 9 methyltricbloropnriiics on ’ -nthiiie 

him with material for completing the synthesis 0 )P ■ 
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(6-oxypuriiie), xanthine (2 : e-dioxypurine), adenine (6-amino- 
purine), and guanine (2-aniino-6-oxypurine). 

The goal towards which Fischer first directed himself in 1884 
was now reached. Purine, the parent of the group, and on which 
the nomenclature and notation of the whole series had been based, 
lay open to isolation; the accomplished facts were described in 
1898. Trichloropurine was reduced in two stages, the first depend- 
ing on the action of hydrogen and phosphonium iodides at 0“ and 
producing 2 : 6-di-iodopurine, from which purine itself was obtained 
by the action of zinc on a boiling aqueous solution ; 


n:cci-c-nh , 

cci:hi-c— 

2 ; 6: 8-Trichloro- 
purino. 


n:ci-c*nh 

< II 

CIIaN-C—N 


>CH 


2 : 6-Di-iodopurine. 


n:ch-c-nh 

I II 

ch:n-c— N 


>CH 


Purine. 


Purice was thus found to be a definite entity, amphoteric in 
character and harmonising completely with its position in the 
series. 

Attention has been drawn to the difficulty with which uric acid 
is converted into trichloropurine, and to the fact that only one 
halogen atom in this compound is exchanged for oxygen by alkali 
hydroxides. Alkali sulphides, however, rapidly displace all three, 
producing trithiopiirine (18981. and of the two tautomeric formulae, 


Iv'H-CS-Cl-NII 

CS-NH-C-NH 


]>CS and 


n:c(sh)-c-nh 
c(sh):n-c— N 


>C'SH, 


Fischer preferred the latter. Another by-path was pursued in 
1900 , when he prepared 9-phenyluric acid from the corresponding 
phenyl/Bf Hc/ouric acid, which results from the action of phenyl- 
carbimide on uramil; this was followed by 9-pheuylpurine. 

The series of six dimethylnric and four Irimethyluric acids was 
completed with assistance from F. Ach by the preparation of 
1 : 9-dimethyl- and 1 :7 ; 9-triniethyluric acids, but the monoraethyl 
derivatives presented a curious anomaly. According to the lactame 
formula for uric acid, there should be four methyluric acids, in 
which the alkyl group occupies the position 1, 3, 7, or 9 resjiectively, 
but the existence of two additional ones was claimed. Of these 
six methyluric acids, Fischer and F. Ach (1899) showed that three 
appear to have the alkyl group attached to the same nitrogen 
atom, numbered 3 in the purine nucleus, giving the same methyl- 
allantoiii (on o.xidation) and tetramethyluric acid. The mystery 
remained unsolved until 1916, when an independent examination 
of tile materials by Biilinanii and Bjerrum, Biltz and Heyn, showed 
that the supposed difference is due to the contamination of 
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S-methyluric acid with a varying proportion of the O-methylurit 
acid. 

Although for many years displaced from his experimental attej. 
tion, the purines became involved in Fischer's synthesis oj 
nucleotides. It has already been seen that acetylbromoglucose ij 
a valuable agent in elaborating glucosides, and in 1914, assisted by 
B. Helferich, he brought this compound into action with the silver 
derivative of numerous o.xypurines, producing the d-glucosides of 
theophylline, theobromine, adenine, hypoxanthine, and guaniae; 
the outstanding feature of these compounds is the readiness will 
which they are hydrolysed, thus being distinguished from deriv- 
atives of glucosamine. Finally, by adding a cold mixture of 
phosphoryl chloride and pyridine to a solution of theophylline-b'. 
glucoside in pyridine, he prepared, later in the same year, 
theophylline -(/- glueosidephosphoric acid, the first synthetic 
nucleotide. 


Vnhipfiitules. and Prat fins. 

In view of their extent and the far-reacTiing biochemical con- 
. elusions which have been ba.^cd on them, the labours of Emil 
Fischer in the region of proteins will make the same apjteal to the 
imagination and evoke the same delight in craftsmanship as his 
activities amongst carl'ohydrates. Owing to the much greater 
complexity of the subject-, however, the intrinsic results may at 
first appear less complete; hut. the relative success is equally 
remarkable. Iseoausc his treatment of this branch reveals the skilful 
manipulation of sensitive materials, the deft application of e.xpeti- 
mental indications, an. I the constructive diligence in synthetic 
achievement alreadv so admirably displayetl by his earlier work. 

The amino-acids Ix'ar to the proteins a relationship recalliug 
that of a hexosc to a polysaccharide. Accordingly, it was mtl 
those materials that Fischer began, in 1S99. ex]>enments which 
were destined to reveal the rhemical nature of the proteins them- 
selves, and to furnidi material which indicates, at least, thcraaiiner 
in which lifeless protein may ultimately be synthesised. It ha 
then been reeoetiised that, nine amino-acids, three diamino-aci s, 
and cystine wc'rc obtainable by hydrolytic or enzymic clisrupticn 
of protein molecules; the synthe.sis of glycine, alanine, 
valeric acid, leucine, aspartic acid, glutamic acid, 
and tvrosinc, all in their «//-forma, had been accomphslied «i 
by Strccker’s method or by substituting the 
halogen in the rcsi>cctive a-ohloro- !’qAo (pischer 

although discovered in 186.n. was not synthesised until t 
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ind Leiichs). The resolution of these products into their optically 
ictive components had been limited by their amphoteric nature, 
ind was easy only in the case of aspartic acid, Piutli having shown, 
in 1887, that asparagine is resolved by simple crystallisation from 
water. 

By suppressing the basic aspect of the amino-acids, and thus 
encouraging their capacity to form recrystallisable salts with the 
natural alkaloids, strychnine and brucine, Fischer and his 
collaborators first resolved into their antipodal components the 
di-forms of alanine, a-aminobutyric acid, leucine, a-amiuo-Jt-caproio 
acid phenylalanine, tyrosine, aspartic and glutamic acids, valine, 
serine, tsoserine, and proline. The device by which this was 
effected consists in benzoylating (1899), formylating (1905), and, in 
the case of serine, p-nitrobenzoylating (1906) the amino-group, 
resolving the rff-acylamino-acid by recrystallising its salts with 
strychnine or brucine, and hydrolysing separately the antipodal 
benzoyl, formyl, or p-nitrobenzoyl derivative of the d- and f-amino- 
acid. In this manner were accumulated, in greater quantity and 
variety, optically active units, which thus became available as 
building materials for ‘the construction of polypeptides approaching 
the peptones in physical characteristics. 

The foregoing acyl derivatives, in common with others depending 
on the reactivity of the amino-group with phenylcarbimide and 
benzeiiesulphonyl chloride, are useful for identification as well as 
isolation of their parent compounds, but some still better for the 
former purpose follovve<t from combination with 13-naphthalene- 
sulphonyl chloride (1902); the resulting derivatives are formed in 
good yield, are sparingly soluble, and crystallise snffieientiy well to 
facilitate the recognition of hydroxyamiiio-acids and even poly- 
peptides themselves, in addition to the compounds from which the 
latter are built. Thus, to a minor extent, 13 -naphthalenesulphonyl 
chloride assumes the part played by phenylhydrazine in the sugar 
group, affording an instrument for isolating freely soluble and 
elusive substances. 

Early attempts to explain the structure of proteins had been 
hampered by experimental obstacles to the separation of amino- 
acids produced in such complex mixture by hydrolysis; with the 
exception of tyrosine and cystine, which are sparingly soluble in 
water, the major portion of the mixture remains as a syrup after 
the principal constituent has crystallised. It was thus a practical 
advance of the first magnitude which Fischer made as the result 
of his inquiry (1900) into the esters which, owing to the suppression 
of the carboxylic function, have the properties of aliphatic amines; 
this feature had been recognised in 1883 by Curtins, whose process 
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for isolating the esters was modified by Fischer and applied b; 
him to separating the amino-acids in a complex mixture tiroiigi, 
fractional distillation. The procedure offers considerable espai. 
mental difficulty, but it is the only one which has been really 
successful, and its purpose has now been achieved with a large 
number of elaborate molecules. Edestiu, elastin, fibrin, globi,, 
gluten, keratin, and the albumins of egg, serum, and milk 
examples of the zeal with which Abderhaldcn has pursued this Hk 
of inquiiy, whilst Osborne and his collaborators, by similar metliods 
have ascertained the component amiuo-acids of amandin, excelsin 
oliadiii, glyciniii, hordein, pbascolin, and zein. Particularly t 
Fischer himself is due the resolution of the fibroin produced 
silkworms and spiders, inridculally emphasisiug the remarkai 
biological fact that there is only slight chemical difference betiv«n 
the syuthclio products of two creatures whose diet is so vastly 
divergent. He showed (IWT) that the silk of the lladagaw 
spider gives, per cent.: glycnie 3.rl, </-alauine '.’d'd, Meuciiie 11, 
/-tyrosine 8-2, pi'oline 3'7, (/-glutamic acid 61, diamino-adds 
(calculated as arginine) o '->, ammonia 11, and fatty acids 0 6; th® 
the principal difference i.s the large proportion of glutamic add, 
which has not been derived from ordinary silk, and the absence of 


serine. ■ v t, ■ i ■ 

Some indication of the nature and variety ot the chemical iinit- 

from which the proteins are constructed having been given, atten- 
tion must now be directed towards tlic notable attempts maileby 
Fischer artiiiciallv to elaborate protein molecules from their com- 
ponent elements.' It is a noteworthy feature of the proteins that, 
in spite of certain basic properlieer and the |.ronipt appearance ol 
the aminoevonp on hv.iroivsis, the amount of nitrogen liberated by 
nitrous acid is trilling ounpared with the jicrccntage of Mat 
element in the original material. Tins fact. ... conjunction iv.th 
the earlv recognition of hippnr.e and as tx-nzoylglycnie, a 
cine to 'the manner in which amino acid molecules are as^ociatrf 
the natural j-aalncts now under 
observations t.y the earlier inve-tigators confirm it 
of these ns the prolnctio.i ot a bimolecnlar anhydride o g 
the auto con.lciisation of the ethyl estei ( nr uns, 
siicii fire r<incvivablc, 

NHCH,-n) NH,-(;n,-CO-NH-CHj-CO,H 

Diketonip'razine, Glycjt.g yeme. 

iw I-.., -..a- .1 

anhydride hclongs to the lormer cla,s,s. in uon 
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analogous products from the esters of a-aminobutyrio, o-amiuotso- 
caproic (leucine), and o-amino-ft-caproic acids, and classified them 
as diketopiperazinea, in consequence of an observation by Mylius 
(1884), who prepared the anhydride of sarcosine. Realisation of 
the alternative type, glyeylglydne, came in 1901, when, in con- 
junction with. Fourneau, Fischer hydrolysed diketopiperazine with- 
out detaching the two glycine molecules, and thereafter began that 
astonishing series of elaborations which culminated (1907) in the 
synthesis of an octadecapeptide, 
i:H,-CH(C4H3)-CO-[NH-CH.,-CO]s-NH-CH(CaHs)-CO- 
*[NH-CH2-C0]3-NH-CH(C4H9)-C0-[NI1-CII2-C0]8-NH-CH2-C02H, 
composed of glycine (15) and f-leucine (3) molecules, and having 
the molecular weight 1213. The name “ polypeptide ” was adopted 
to emphasise the similarity to peptones displayed by the properties 
of the new class, whilst recalling the manner in which poly- 
saccharides are compounded of simple carbohydrate molecules. 

Subsequently to the proccs.s just reviewed, namely, arrested 
hydrolysis of a cyclic anhydride, two general methods were 
employed by Fischer to effect these imposing syntheses. Briefly 
stated, they depend on elongating the amino-acid chain at tie 
basic and acidic terminals respectively. By the former mechanism 
a chloro- or bromoacyl chloride, acting on the amino-acids (or 
polypeptides already synthesised therefrom), produces a halogen 
derivative, which only needs treatment with ammonia to become 
converted into the corresponding amino-compound, for instance, 
glycylalanine : 

CHX’l'COCl -p NIIo-CHMe-COJI ^ CILX'l-CO-NH-CHMe'COjH. 
Ill this maimer, the glycyl, alanyl, a-aminobutyryl, leucyl, phenyl- 
glycyl, phenylalaiiyl, and prolyl (a pyrrolidinecarboxylic) groups 
W'^re introduced (1903 1905). 

The complementary process arose from the discovery (1904) that 
chlorides of halogeiiated acylamiiio-acids could be prepared by the 
■action of phosphorus pentachloride on the acid dissolved in acetyl 
■chloride; when such acyl chlorides act ou the ester of an ainino- 
lacid or a polypeptide, the ])ro<Uict only requires to be hydrolysed 
|and treated with ammonia in order to yield the higher polypeptide 
[corresponding to its component molecules; 

kHvCHBi-CO’NII-ClL-COC! + NIVCHyCO'Nn'CH.-CO.Et 

iBromoffiwcapronylglycyl chloride. Glycylglycine ester. 

CJl9-CHBr-CO'Nn-CIVCO-NII*CHvCO-NH*CH2-CO.,Et 

C4%CH(NH2)-CO-[NU*CHa-CO]a-NH-CHo-C02H. 

Leucyldiglycylglycine. 
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Although this process is <^asUc. there presented it^lf an exper,. 
mental otetacle to great extension, namely, the solubility ot mas, 
rf acyl fhlorides in acetyl chloride, and the consequent diffi^lt, 
rtSating them from solution without decomposition, u, 
was overcome by preparing the acyl chlorides of the ^..no-aads 
or of the polyFP‘'''*=s themselves; these chlorides, having tli« 
general formula R-CH(NHaCl)-COCl, are also ammonium chbnd,, 
Td are generally not readily soluble ,u ^tyl chloride. As the, 
“t smoothly on the esters of aminoacds and po ypept.des , 1 . 
Ivice has Well a most fruitful one, and particularly useful m 
application to the and f-amino-acids with eons^nent synthesis 
oroptically active polypeptides. Straightforward as these 
Ins ap, mar in description, they represent a very ^markable feat 
experiniLitally, the rigid exclusion of water being neoesiar, 

'^Mo!he?'advantage offered by this process is the facility with 
whiA it can be applied to elaborating polypeptides of d.veri, 

1 ? such as glycyl-</.alaiiylglycyl-/-tyrosine (1908), isomenc with 

Z tetrapeptide which Fischer obtaiued in the previous year » 
ilk hydr^vsis, and herein lies the connecting link between he. 
fable synthetic o.wrations and the ,mptores arising fra. 

'"r if SS 

been indicated, but polypeptides. In that year, 

of lie proiUnid from silk fibrem, b, 

’^"""teeSiS-^H^vdrochloric add. trypsin and baryta . 

d':;;tide whidi 

NH— tlHj-CO with that prwlucible fro® 

alanvW-leunne (elastin), i-leucyi 

was made by Fischer in 1916. ^ ,., 4 f pWpeptide com 

peptide has 816 p<«siWc.s<>n.end«s, »li*t a P yj ^ 

Sramino-acid molecules, of which 5 are gly 
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3 leucine, 3 lysine, 2 tyrosine, 2 phenylalanine, and 13 various other 
descriptions, has a number of possible isomerides reaching 
1.28 x 10«. In these computations it is assumed that the 
mechanism of linking the amino-acid groups is limited to that of 
glycylglyome, but further complexity would arise from alternative 
junctions, such as that of diketopiperazinc, the possibility of which 
was not excluded by Fischer. Moreover, he recognised that 
hydroxyamino-acids, such as tyrosine, serine, and hydroxyproline, 
may participate in the linkages peculiar to esters and ethers. 
Although the aggregate number of synthetic polypeptides must be 
well in excess of 200, this only serves to illuminate the gulf which 
still separates the chemical investigator from his goal. That 
Fischer appreciated this baffling factor to the fullest extent appears 
not only from his frequent references thereto, but also from the 
nature of his later synthetic operations. Following the octadeca- 
peptide, these were directed more particularly to the association of 
optically active Bausteine, which were varied amongst themselves 
as much as possible with a view to synthesising these peptide frag- 
ments which possess the natural configuration, a property to te 
revealed by zymolysis. Drechsel’s iodogorgouic acid from coral 
(1896), having been found identical with 2 :5-iodotyrosine, was 
linked with glycine (1908), whilst rf-valine, o-aminostearic acid, 
d-amiuobutyrio acid, a-methylKoserine, /-histidine, and /-proline 
were introduced also in the latter year, followed by /-cystine and 
/■phenylalanine; polypeptides containing </-tryptophan, isoserine, 
lysine, arginine, asparagine, d-glutamic acid and aspartic acid as 
components have since been prepared. 

Although the simpler polypeptides are crystalline, and in that 
aspect bear no resemblance to the proteins, their tendency to 
aiuoqihisiii increases with molecular weight, and aqueous solutions 
of the more complex ones are opalescent, yielding precipitates with 
ammonium sulphate, phos])hotungstic acid, and tannin. Naturally, 
they do not respond to the colour test depending on tryptophan 
and tyrosine when those groups are absent, but they give the biuret 
reaction, and these features, iii conjunction with their behaviour 
towards enzymes (see later), afford the strongest possible evidence 
ill support of the protein diagnosis outlined by this chapter of 
Fischers work. One passes to the next with the sensations of an 
explorer liberated from the perplexing entanglements of a dense 
forest to find himself on the shore of a limitless ooeau. 


VOL CXVIT. 


y Y 
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Zymo-chemislry. 


Since chemistry emerged from the crucible of alchemy, itj 
association with biology has become increasingly intimate. 
materially, life is a process in which alternations of growth, 
and regeneration present themselves in the light of chemical trins' 
formations, delicate, manifold, and inscrutable. Within the tissues 
of a living organism there proceed perpetual analyses ancj syntheses 
of which we gain an occasional glimpse, but cannot hope, by the 
comparative brutality of the testtiibe, to stage the likeness. 
Nature’s agents are jihotosynthesis and enzyme action, magic wands 
w*hich transform carbon dio.vide, water, and nitrogen into carbo- 
hydrates, fats, and proteins, and which, having synthesised th« 
mateiials in plants, empower animals to analyse them and assimilate 
the products of disintegration. In the words used by Fischer 
during his Faraday I.ecture, 190(, the ultimate aim of bio- 
chemistry is to gain complete insight into the unending series of 
changes which attend plant and animal metabolism." 

Having now reviewed some of his most important contributious 
to our knowleoige of the building materials, and proceeding to 
consider the uso which he made of the enzymes thcinselves, it i* 
noteworthy that this began on a by-road of the great thoroughfare 
which he cut through the realm of carbohydrates. In 1889, having 
shown that the ■seminose" produced by Reiss from vegetable ivory 
[I’hiitehphiu mitcrowrixt) is identical with mannoie, he isolated 
alcohol from the products of fcnneiiting that sugar, and in the 
following vear cultivated yeast in solutions of (//-mannose and 
o-acrose {(//-fnictosp) ; in eacli case, the (/-component was devoured, 
and thus /-manr.ose atid / fructose were isolated. 


In 1894. a.ssisted by Tluerfeldor. Fischer made a comparJ.live 
study of natural ami sviitlu-tical inor.osaccharidcs in respect of their 
attitude towards vuarions families of yeast, from which it folicoved 
that whilst (i-manno^e, (/-Irmtosc, and, in lower degree, rf-galactose 
resemble (/-glucose, the yeasts arc indiflereut towards (/-tal®£, 
/-mannose, /'glu(X«e, sorbose, / arabinose, rhamnose, o-glucohept« 
and o-gluco-octose. This indicated that the fermentative pnncipe 
of yeast is an asvmmtlric agent which is capable of attacking on f 
those molecules of which the geometrical form does not d.her w 
widely from that of -/-glucose. U ! P‘3 i 

that, bv pers.,a.,ive tactics, a reluctant yeast ^ 

ultimaMv to mmlify its inherited taste and to acce,d n ^ 
a sugar with which the asvmmetry of ;; ’ 

harmonious. This possibility has not yet been 

Pasteur’s nolablo discovery in connexion with K 
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thus recalled, and, on extending the inquiry to natural and 
artificial glucosides, Fischer found that these materials arrange 
themselves into distinct, groups in respect of their behaviour towards 
air-dried yeast extract (maltase) and emulsin, the o-d-glucosides 
Ijeing hydrolysed by maltase and indifferent to emulsin; the latter, 
however, hydrolyses the 3-d-glucosides, which are not attacked by 
malta.se, both enzymes being without action on /-glucosides, 
(i-galactosides, arabinosides, xylosides, rhamnosides, and gluco^ 
heptosides. Maltose is hydrolysed by the yeast extract, not by 
emulsin, whilst lactose displays the converse behaviour. It was 
by observations such as these that Fischer was led to emphasise the 
close relationship connecting the configuration of a sugar with 
that of the enzyme which attacks it, and to depict the mechanism 
of enzyme action by the simple analogy of a lock and key. 

In the same year one of the many rocks which await the unwary 
voyager on this particular ocean was charted by Fischer. The 
"invertase” of that period was precipitated by alcohol and did 
not hydrolyse maltose, but Fischer replaced the solid material by 
an aqueous extract of air-dried (Frohberg) yeast; this does 
hydrolyse maltose, but neither the disaccharide nor a-methyl- 
glucoside is affected by an aqueous extract of the fresh yeast which 
has not been dried, although cane-sugar is inverted. After being 
ground with pow'dered glass, the same yeast yields an extract 
capable of hydrolysing maltose and o-methylglucoside, but the 
action is much more feeble than when the glucosides are left in 
contact with the suspended organism which has been narcotised. 
In consequence of divergent observations by G. H. Morris, it was 
found that complications are introduced by the proportion of 
chloroform employed, and this led to the use of toluene in its place. 

The foregoing imbroglio emphasised the importance of specifying 
an enzyme by some reference to its origin, because an enzyme from 
one source is almost invariably associated with others, differing 
from those which accompany it when the origin is different. 
Fischer showed that whilst the extract of dried yeast hydrolyses 
both cane-sugar and maltose, the enzyme producing the latter effect 
cannot be invertase, liecause individual yeasts which contain 
invertase fail to hydrolyse maltose; moreover, invertase purified by 
alcohol is also indifferent towards this disaccharide. The specific 
nialtoclastio enzyme had been called glucase by other workers, and 
It was for this name that Fischer substituted maltase, previously 
Used by Bourquelot. 

bartose, which is indifTerent tow'ards brewer’s yeast, is fermented 
by the milk-sugar yeasts, S. Effir and S. fyrocoJa. It had been 
ylaiiiied by Beyerinck, on somewhat slender evidence, that these 

V Y 2 



1192 FORSTER: EMIL FISCHER MEMORIAL LECTURE. 


contain an enzyme, lactase, capable of hydrolysing lactose prior to 
fermentation; this was estaWislied by Fischer, who showed tUt 
the same result, intensified, was produced by kefir granules. Other 
observations of this period related to trehalose and melibiose, and 
it appeared to follow as a general conclusion that disaccharidcs 
are not fermented as such, but only in consequence of a preliminary 


hydrolysis by a specific enzyme. 

In 1898 Croft Hill showed that the hydrolytic action of yeast 
maltase is reversible, a disaccharide lieiiig produced when that 
enzyme acts on glucose ill concentrated solution; subsequently, 
Emmerling regenerated aiiiygdalin by the action of yeast maltase 
on a mixture of mandeloiiitrile-glucoside and glucose, whilst 
Hanriot revealed the eslerifyiug effect of lipase. In 1902 Fischer 
and E. F. Armstrong subjected a mixture of glucose and galactose 
to the action of keiir lactase, and, having removed the unchanged 
monosaccharides by fermentation, found in solnlion a disaccharide, 
which they called i.s.dactose. observing that in its behaviour 
towards enzymes it stands midway liotwccn lactose and melibiose; 
moreover, the kefir lactase which links iis generators has the power 
to separate them. 

Impressed with the dilTereiices in chemical loehavioiir revealed 
bv the enzvmes of micro-organisms. Fischer turned attention to 
secretions of animal origin, and in 1390, assisted by Nicloel, studied 
the attitude of starch, glycogen, maltose, lactose, sucrose, trehalose, 
amvgclaliu, and some artificial gliicosides towards blood serum from 
.-evVral souiux-s and a great variety of tissue extracts and juices. 
It was in the domain of iiroteiiis and polypeptides, however, that 
the principal use was made of these agents, in 1903, when his 
'ruitfiil association with. Aliderluildeit liegan, ca-ein was subjected 


to jirotractcd hvdro’.y.sH by the ]iaiKTeatio enzyme, with the sur- 
prising result that proline and ].henylalaiiine, although liberated 
from "the protein by acid and alkaline hydrolysis, were not 
recO!»iii.sal.'le among-t the products. These were, tyrosine, alamne. 
leiicme, gUitamic acid, aspartic acid, and a polypeptide matemd 
which, wdieii hydrolysed by hydrochloric acid, gave an " 

tlie two nii-sitig amino a.-ids in olo-e rorrespondenoe with 
duautity ot.tainab!.- from casein itself, together with aUt* 
lUeine, glutamic acid, and aspartic acd. It was also foui^ tW 
edestin; ^ha-moulobin, egg-alb„ii,in. fii.nn. mid seram^J^.« 
resemble ca-eiii in the loregoing aspect, and thus wj 
product of hydrolysis lying between the l>eptoncs and 


acids. , . 

Acceptario- of the relationship between proteins ai, 
established by the interposition of polypeptides, 


1 

involves th® 
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susceptibility of these materials to zymolysia, and, as their number 
grew, Fischer accumulated many studies of such action. Thus 
with Bergell (1903) he found that under conditions which favour 
the tryptolyais of naphthalenesulphoglycyl-f-tyrosine and carho- 
cthoxyglycyl-ffMeucine there is no change with glycylglycine, 
naphthalenesulphoglycyl'if-alanine, and hippuric acid; later it was 
fhown that glycyl-l-tyrosine and leucylalanine may be tryptolysed, 
tie disruption of the latter resembling that of carboethoxyglycyl- 
leucine by giving rise to active products. This branch of inquiry 
was greatly extended with the assistance of Abderhalden in 1905, 
when twenty-nine polypeptides were differentiated by their 
behaviour towards the tryptic enzyme, leading to conclusions based 
on the number, individuality, and configuration of the amino acids 
involved. At the same time, it was found that glycyl-/-tyrosine, 
dialanylcystino, leucylalanine, leucylglycine, and leucylleucine are 
not hydrolysed by pepsin-hydrochloric acid. 

Thereafter, the development of this field has been left to other 
workers, of whom Abderhalden is recognised as the pioneer, and 
the remarkable achievements of the subsequent period are a splendid 
tribute to Fischer’s foreright and genius in laying the foundations 
of a branch of science at once so complex and so fundamental. He 
it was, indeed, who first clothed with systematic experimental 
observations and established facts the dictmn of Berzelius (1837) 

‘ that in living plants and animals there take place thousands of 
catalytic processes between tissues and fluids.” 


The U'uWfn Inversion. 

Prior to 1895, the conversion of an optically active substance 
into its enantioinorph had been accomplished only by racemisation 
preliminary to resolution by one of Pasteur’s methods. The system 
of cyclic changes dating frem that year, and classified as the 
’■ alden inversion,” exhibited a direct reversal of rotatory power, 
and offered, perhaps, the most elusive amongst the many interesting 
problems connected with optical activity. Walden showed that 
each chlorosuccinic acid will give both malic acids according to the 
agent selected for replacing halogeu by hydroxyl; silver oxido 
leaves the sign unchanged, whilst potassirun hydroxide produces an 
acid of opposite sign. As the regeneration of chlorosuccinic acid 
from malic acid by phosphorus pentachloride also involves a change 
of sign, the typical Walden inversion is represented as follows : 
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d-Chloroauccinic acid 


(/-Malic acid 

/ 

\ 

X \ 

KOH 

PCI. 


PClj KOH 

\ 

X 

/ 


. \ / 

/•Malic acid 


Z-Chlorosuccinic acid 


During the years 1907 — 1911, Fischer described 'nufflerou, 
examples of sign-reversal arising from the study of amino-acids (or 


instance. 



(f-a-Bromopropioniu acid 

NU, 

— ^ 

d-Alanine 

XOlirf 

1 


1 

i NOUr 

Y 

/-a-Broraopropionic acid 

/•Alanine 

MU 

In the foregoing cycle it is a 

1 matter of indifference whether the 


replacement of halogen by an amino-gronp takes place in the acid 
or in the ester, but the converse change, attended by reversal of 
sign when alanine i.s Iransfonned into a-lironiopropionic add 
proceeds without reversal when alanine ester is converted into 
o-bromopropionic ester, the latter yielding, when hydrolvsed, an 
acid having the same sign as the alanine employed . Other amino- 
acids, such as leucine, aspartic aci.l and phenylalanine, are dis- 
tinguished from their esters in the same way. but /-valine (a-aniino- 
isovaleric acid), wdiil-t giving with iiitrosyl bromide (/-a-hromoiVj- 
valeric acid, is regenerated l>y the action of ammonia on that sub- 
stance. Fischer found, also, that whilst /-lactic acid arises from 
/-o-bromopropionic acid by action of silver oxide, this agent con- 
verts /-o-bromopropionylglycine into a hydroxy-compound whicl 
gives (/-lactic acid on hydrolysis. Furthermore, although /-valine 
is produced when ammonia acts on (/-o-hronio/.'avaleric acid, 
(i-valine arises from hydrolysing the product of (/-a-bromoa- 
valerylglycine and ammonia. 

At first it was believed that thi,s tyi>e of change is associated 
only with o-suhstitntion, Fischer and bcheibler showing that tie 
following transformations are free from reversal of configuration: 

l-Ci; 

/-B-Hvdroxybutvric acid ^ Z, (/■^-Chlurobutyrie acid. 

In I9U. however, they founil that «ach ^-aminohutyric and w!| 
give both ''^-hydroxvbutvrio acids, according to the method o 
changing the bubstitwents, thus: 

(/-Hydroxyl /-Chloro- d-Ainino- /-Hydro-'}’’- 
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The same year witnessed a comprehensive survey of the subject by 
Fischer (^Annalen^ 1911, 381, 123), who described an ingenious 
jicdel in which the central carbon atom and the movable groups 
have bristle-covered faces to facilitate their attachment in selected 
positions; thus the four substituents may be moved at the same 
time over the spherical surface of a central carbon atom, or they 
may be transferred singly to positions adjacent to those which 
hey previously occupied. He represented substitution as pre- 
yed by the formation of an additive compound, which, on disrup- 
,ion, may or may not lead to a relative distribution of the sub- 
itituents; thus the entrant group need not take the place of the 
me it dislodges, and if it assumes another position, the conflgura- 
;ion of the product will differ from that of the original material, 
i'iewed in this light, the Walden inversion is a normal process 
letermined by the chemical agents employed and by the nature of 
;he other groups attached to the asymmetric carbon atom. 
Simultaneously, the problem was discussed by Werner from the 
itandpoint of supplemental valency, and criticisms by Biilmann in 
the following year led to a rejoinder by Fischer; it is not the 
purpose of this reference, however, to do more than indicate nis 
jontact with the subject, which still awaits a complete explanation. 

Two important deductions from the theory of the asymmetric 
arbon atom received experimental conlinnation at tbe hands of 
Emil Fischer by methods which the Walden inversion cannot 
fitiate, because the involved groups remain attached to the central 
nucleus throughout the changes. Assisted by F. Brauns, in 1914 
lie showed that optical activity disappears when two of the different 
’roups become identical, producing ethyb'sopropylmalonic acid 
[inactive) from d-etbylKopropylmalonamic acid. He next made 
the following transformations : 




CO,H 


d-woPropyl- 
malonamic acid. 


C.Hc 


Mefcliyl eetcr. 


OJT 


^>c<, 


COjll 
'•CO, Me" 
<i-t5oPropylmaloiuc 
methyl ester. 




CO,H 


>C<^ 

i-isoPropylmalonyl- 
hydrazide acid. 


/CO,U 

if-i5oPropylmalonyI- 
azide acid. 


* H- 


>C< 


CO,H 

CO-NH, 


i-woPropylmalonamic 

acid. 


5ince the original ^f-isopropylmalonamic acid has [ajj, 48‘8°, and 
the resulting /-acid [oj^ -44*4°, agreement is sufficiently close to 
prove that the expectation of sign-reversal following systematic 
interchange of two substituents in an asymmetric system has been 
-xperimentally realised. 
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Technology. 


Fischer’s relationship to the chemical industry was intimate and 
beneficent. Viewed superficially, the subjects on which is founded 
his unrivalled reputation as an investigator do not appear to have 
much hearing on factory problems; but the value of a lifework 
cannot be estimated with accuracy unless the qualities of the 
worker are taken into account. It is a common observation that 
absorption in laboratory practice, coupled with unremitted study 
and theoretical reflection, tend to draw the chemical investigator 
so much away from practical affairs as to diminish his perception 
of commercial and industrial factors. Either because of his early 
training, or owing to his inborn love of knowledge in all its 
branches, Fischer was unusually free from this disability, and the 
reliance placed on his opinions by leaders of the German chemical 
industrv ultimately grew into an attitude of trust which was quite 
exceptional. As early as 1883 he was a marked man, for in that 
year the chairman of the Badischc factory selected him as director 
of research, in succession to Caro, at a salary of £5000, but the 
offer was not accepted. Whilst it is impossible to compute the 
results which might have accrued from his occupancy of the post, 
it is equally impossil.'le to regret the decision which he then made. 
Although so tempting a proposal could not detach him from his 
cl'.osen course, he remained throughout life in close communion 
with factory operations, Irecoming and continuing persona ^niia 
with the chemical industrial magnates and exerting a profound 


influence on the industry. 

Probably his greate-H direct contribution to technology lies in 
the stream of voung chemists parsing regularly from his laboratory 
lo the factories, men soundly trained in the methods of systematic 
iiniuiry and in whom a love of chemistry had been made fniitiul 
by the radiation of his galvanising personality. Nevertheless, 
rnore oom-rete .i.s^ociations with manufactnro emerge from time to 
time Pherivlhvdrazine was destined to become one of these, 
although Its contact with industry through antipyrine, pyramidone, 
and tartraaiiie was made by other hands. 

As alreaiiy noticed, it might have liecn expected that the- siibjcf 
of his tiled- for the doetorate, fluorescein, and the important con 
tribiition to the stnictare of triphenylmethane colounng ma 
for whmh he and his cousin were responsible so early in li e, * 
have commit.ed him definitively to the chemistry of 
interest in liiochcmistry rapidly became absorbing y prs ’ 

and it wa- consequently .n the field of synthetic drugs 
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personal connexion with chemical industry became most fruitful, 
gasei on principles developed in his laboratory, methods were 
adopte<i in tlio Bbhringer and Bayer factories for the manufacture 
of caffeine, theophylline, and theobromine, whilst the practicability 
of replacing atropine by a synthetical substitute may be traced to 
his early work on triacetonalkamine. 

A very definite contribution to manufacturing practice was made 
in 1903, when the improvement which he effect^ in the produc- 
tion of diethylbarbituric acid, arising from his work on purines, 
led to that substance becoming one of the most valuable hypnotics 
in pharmacy under the name veronal, the manufacture being under- 
taken by the Merck, Bayer, and lliichst factories. His collaborator 
in that work, von Mering, was associated with him also in 1907, 
when calcium iodobehenate, or sajodin, was brought out as a taste- 
less preparation of iodine easily tolerated by the organism. This 
was followed by calcium dibromobehenate, or sabromin, as an 
instrument for introducing bromine, and the production of both 
remedies was undertaken by the Bayer and Hochst factories, the 
latter developing also the preparation of strontium chloroarsino- 
behenolate, or elarson, in connexion with which the preliminary 
experiments were made by Fischer and Klemperer. When war 
broke out he was taking part in the search for a carcinoma remedy, 
that path so thickly strewn with hopes deferred. 

It is not difficult to imagine the demands which were made on 
his energy and wisdom during the five years which were destined 
to be the closing period of his life, and these have been delineated 
by A. von Weinberg. It is now known that the war could not have 
been continued by Germany beyond the middle of 1915 had not 
synthetic nitric acid begun to take the place of Chile saltpetre. 
The probable course of events revealed itself to Fischer in 
September, 1914, when he urged on the Westphalian manufacturers 
the need of prompt action, and was rebuked in cousequenoe by the 
military authorities; but on October 1st he made a detailed report 
to the War Ministry with reference to the possibility of increasing 
the supply of ammonia from coke-ovens, and his services were in 
constant requisition during the growth of the synthetic nitric acid 
industry, which subsequently reached such enormous proportions. 

Two months later the diminishing store of camphor led him to 
recommend the use of dimethyl- and diethyldiphenylcarbamide in 
powder stabilisation, these being actually adopted, and in February, 
1915, he was presiding over a commission for stimulating the pro- 
duction of benzene and toluene by gaastripping. M hilst tne com- 
mission accomplished its original purpose before the end of that 
year, it remained in being to deal with such matters as the pro- 



1198 foester: emil eischee memorial leoture. 


duction of heavy oil frcan naphthalene, the extraction of phejol 
and cresol from coke-oven tar, and, at the beginning of 1916, witt 
a search for applications of the superabundance of benzene which 
then existed. By the end of that year, however, the Hindenbunr 
programme had shattered the technical scheme for providing a 
sufficiency of this hydrocarbon, and converted plenty into famine; 
Pischer then demanded the demobilisation of 50,000 coal-mihera. 

As early as 1915 his attention was directed to the dwindling of 
pyrites reserves, and he became president of a gypsum and'kieserite 
commission, charged with inquiry into means for utilising the 
sulphur content of those minerals; although technical difficulties 
prevented the application of kicserite to this purpose, the obstacles 
connected with gypsum were overcome and much valuable 
information was obtained. 

At the beginning of 191S Germany found it necessary to limit 
the saponification of fats, and Fischer was invited to examine more 
closely the alternative sources of glycerol. His first idea being to 
replace that substance by glycol, he recommended the construction 
of a factory at Essen for that purpose, but the subsequent process 
of Connstein and I.iiilecke for producing glycerol by fermentation 
obviated the need for this measure. He took an active part in 
developing the new industry, in utilising the aldehydealcohol 
which offered itself as a by-product, and in solving the cognate 
problem of converting fatty acids to service as food, the result of 
which was ester-margarine. 

It was the food shortage in all its a.'pects, however, which claimed 
his attention more and more pre.ssiiigly. Interwoven with tb 
demands of the explosives industry came the call for nitrogen 
fertilisers, and in January, 1917, a.s.-ociated with Nenist and Haber, 
he urged on the War Jlinistry the need for a foodstufis com- 
mission to a,-iunie the, ta.dc of stimulating food production on behalf 
of men and animals. Witli terrible earnestness he portrayed the 
secondary position occupied by patriotic heroism in relation to 
physiological law, the neglect of which must lead inevitably to 
psychological breakdown. From that time until its final scEsion 
in' 1918, °the commisdon attacked with feverish energy % multitude 
of diverse problems, amongst which the conversion of straw into a 
digestible fodder for hor.ses and cattle took a prominent place^ 
The possibilities of wood, also, were c.xplored from this point of 
view, the utilisation of leavra, rushes, and coiichgrass (quitch), t « 
germination of grain, and the preservation of vegetables. > 
special attention Fischer devoted himself to 
substitute, improving considerably on the knowledge whic o 
accumulated prior to the war, whilst attempts to augmen 
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supply of albiuniDoid esculents emerged in " mineral yeast ” and 
the utilisation of lupines. 

In spite of all these efforts, however, Fischer and his colleagues 
foresaw the inevitable re.sults of increased disease, diminished 
capacity for work, and impaircfl moral resistance arising from the 
lamentable condition of the people. They embodied their con- 
clusions in a memorial addressed to the heads of military and civil 
governmant in J anuary, 1918, explaining the helplessness of science 
and technolt^y to meet the situation, but their representations 
were unheeded!. 

Conclusion. 

Harassed by these distractions and anxieties, tormented from 
time to time by bodily pain, and bowed down by the loss of his 
second and third sons, his inextinguishable spirit found refuge in 
the calm pursuit of scientific inquiry. It was during this period 
that his life-long work on carbohydrates and the correlation of 
these with depsides received many decisive additions, and in the 
closing months of 1918 he witnessed, in the establishment of the 
"Deutsche Gescllschaft zur Forderuug des Chemischen Unter- 
richts,” the launch of an enterprise very near to his heart. As the 
war continued, he had become gravely concerned at the diversion 
of young chemists to its requirements, and the consequent injury 
to the scientiuo spirit of the new generation. To assist in com- 
bating this danger and the accompanying embarrassment to teach- 
ing institutions arising from the diminished value of money, he 
raisal a considerable fund, whicli, in his own words, constituted 
"der letzte Dienst den ich der deutschen Wissenschaft leisten 
kann.” 

In this connexion, it should be remembered also that it was 
largely by the inspiration and energy of Emil Fischer that the 
idea of establishing a research foundation independent of teaching 
duties ultimately took shape in the Ivaiser-Wilhelm-Institut fiir 
Chemie. Associated with Nernst and Oshvald. he had invited a 
company, amply repre.seiitiiig both science and industry, to discuss 
preliminaries in October, 1905, but it was not until JIarch, 1908, 
that the " Vereiii Chemische Reichsan.-;talt ’ was legally registered 
for the purpose of advancing chemical science and technology. 
Although a suitable site at Dahlem was allocated by the Prussian 
Treasury, and many substantial donations had been made, it was not 
aiitil the projected foundation of the Kaiser-AVilhelm-Gesellschaft 
m 1910, and the subsequent co-operation of this body with the 
herein, that constructive steps could be taken. These culminated 
in the ceremony witnessed by the German Emperor on October 

V Y* 2 
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23rd, 1912, when Fischer, in the name of the Verein Chemisciij 
Eeichsanstalt, as president of the executive committee, transferreij 
the building to tlie president of the Kaiser-Wilhelm-Gesellschaft. 

His life-work has now been reviewed, but only another generation 
can grasp its full significance. We shall not survive to witness 
the momentous consequences of its impulse, but we can perceive 
that Emil Fisclier, in one branch of science the master, gave a 
new meaning to another branch, physiology, inasmuch as he placed 
biochemistry on an assured basis. The germ of this profound 
influence, may be traceil to a remote inquiry completely detached 
as it would then have seemed in the mind of its author, from the 
trend of its ultimate development. The effect which was destined 
to be produced on phy.dological chemistry by the discovery oi 
phenylhydrazine in ISi-o offers but another example of the constant 
interplay l>etweeu iai-i and thought. Although twelve vear? 
elapsed before tliat ba.-^e enabled him to claim the synthesis of a 
natural sugar. iirogres.s thcrcal'ter was rapid and sweeping, The 
array of sviitlutieal carbohydrates which hail been assembled by 
the year 1S94 provided him with the material necessary for the 
fundamoiital discovery that the siiecilic action of an enzyme is 
intimately related to the conliguration of the substrate. In the 
wealth of practical achicvoincnl which followed this discovery, the 
applications of its underlying principle constantly recur. The 
classification of the gl.icosides was a substantial consequence, but 
far more important was the ulili-.atioii of tissue extracts in the 
study of artificial pohqH'ptides. showing that it is only those con- 
structed of the auiiiioai-ids supplied by naliiro which yield to the 
attack of i>eptiH-iaslii? enzymes. Thus it may loe claimed for Fischer 
that he forged and periecleil a new and delicate instrument, with 
niiich the investigator may solve abstruse problems in biochemistry, 
lor when once the teehue.pie is acipiired, the use of enzymes in 
conli'niratiou liiagnosis i- unapproaehod by ordinary chcraicsl 


processes in resiicct of prtci-icu and rapidity. 

Rellectiug oil the es-<-iice of life in its ehemical aqiect, regardmj 
the a.,'t of living as a complex alternation of digestion, assuml- 
atioii, and o'.idatioii. the mind begins to arrange in one beautiful 
fabric the colotireil .-t rands from which is woven Fischer s conttf 
bution to the knowlcilgo of the centurie.-. He not only regularise 
the most iriitful of laboratory mcthoils for studying life pioce.A 
but he as,semb!ed more riehlv, and in greater variety than aiiy^ol er 
chemist, the materials on which those processes depend^ Lar^ 
hydrates, glucosides, depsides, purines, 

daring the years of his activity, been brought to our n ^ 
vision and range<l in per»j)cctive by his control o enzyi^ 
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interpreted by him, we recognise amino-acids as the basis of our 
l^ing. All this knowledge will give definite form to countless 
inquiries dealing with digestion and assimilation, and by shaping 
the problems connected with such changes will assist in taking that 
first and most important step towards solving them. Indeed, it 
is not unjustifiable to hope that further advances along the lines 
now firmly laid by his life-work may bring biochemists of a future 
period to a clearer view of that elusive province in which hormones 
and advitants (miscalled vitamincs) exercise their subtle influence 
on the alchemy of living bodies. 

Even when due allowance has been made tor the storehouse of 
accumulated facts on which ihc chemists of his era were empowered 
to draw and for the variety of technique which was at their com- 
mand, it can scarcely he claimed that iu wealth of revelation and 
manipulative skill Emil Fischer is eclipsed by any of his pre- 
decessors. It 13 difficult to imagine that he can be surpassed by 
any of his successors ; but. whether this be so or not, his achieve- 
ment will remain for all time a monument of industry, a master- 
piece of symmetry and a gospel of inspiration. His contem- 
poraries, who have watched the growth of a wonderful structure 
with admiration and pride, may leave to posterity, in happy con- 
fidence, the office of enshrining his work in the history of their 
beloved science: 

“ For Timp shall with hi;i ready pencil stand, 

Retouch your figures with his ripening hand, 

To future ages filial! your fame convey 

And give more beauties than he takes away.’^ 
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CXXKl— Studies in Suhsiituted Quaternary Azordutn 
Compounds containing an Asymmetric Nitrogen 
Atom. Part III. Resolution of Fhenylmethyl- 
ethylazonium, Phenylbemylpropylazonium, and 
Pheaylbenzylallylazonium Iodides into Optically 
Active Components. 


By Bawa Kartar Sinoh. 

In Parts I and II of this series of researches (T., 19 1 3, 103, 604 ; 
1914, 105, 1972) the author has described the resolution of Wo 
members of a new type of enantiomorphous compounds, 
RiRjRjXN-NIIj, 

the asymmetry, ami conje<juent1y the optical activity, of whidi 
is associated with the presence of an asynimetric nitrogen atom. 

The present investigation, which is a continuation of this work, 
is concerned with the resolution of phenylmethylethylazoairan 
iodide, the previously determined value of the molecular rotatory 
power’ of which was considered to be rather low (foe. ci(.), in 
addition to that of two other members, namely, yhemjlbniij/lpropj/l 
azanium and phemjihenzyhithjhr.'xtuim iwlidts. 

Fhenvlmethylethylazonium iodide was resolved with the aid of 
silver d-a bromocaauphor-3-.mlphonate. The fBrfA salt, being less 
soluble, separated in a crystalline form and gave, for the 1-hasic 
ion [M]n -23^ ma-\inuim rotation of -30® having already 
been obtained from the hydrogen tartrate (toe. cil.). It is thui 
very probable that the fonner value of -30® is the maximum 
molecular rotatory power of the /-basic ion. 

Another point of intere4 is that /-phenylmethylethylazomum 
picrate ha,s almost identical v.alues of [M]p m chloroform and 
Lthvl alcohol solutions (^ee p. 120S). and it thu., stands m noe 
worthy contract with phenylhenzylmethylazonium picrate, tie 
value of rM]n of which is three times as high in chloroform as m 
methyl alcohol (T., 1914, 106, 1984). This points to mdeciihr 
association of the latter picrate in chloroform, but, so far, tto 
view has not l>cen rorroWatc! by a determination of molecular 

weights in the two solvents. in 

Phenylloenzvlpropvlazonium iodide could only be 

one wav, namely, by the action of tienzyl 
hydrazine. In this reaction, a very small amount ^ 
was also formed a.i a by-product The action of prop) 



COMPOUNDS CONTAINING AN ASYMMETRIC NITROGEN ATOM. 1203 

phenylbenzylhydrazine gave two hydriodides melting at 146—147° 
and 162 163° respectively, brides ammonium iodide. No 
azonium iodide was, however, formed in this reaction. The action 
of propyl iodide thus seems to be abnormal, and was further 
studied on two other hydrazines. In the case of phenylmethyl- 
hydrazine, the sole product of the action of this iodide was 
ammonium iodide, and in that of phcnylpropylhydrazine at 6rst 
no product was formed, but on keeping the mixture for some 
time a very minute quantity of ammonium iodide was isolated. 
It may be suggested that the secondary hydrazine is slowly reduced 
to an amine and ammonia, and the latter substance combines with 
hydriodic acid to form ammonium iodide. The hydriodio acid 
may be produced from the hydrolytic decomposition of propyl 
iodide, and it very probably acts also as the reducing agent. 

Phenylbenzylallylazonium iodide was prepared from the action 
of benzyl iodide on phenylallylhydrazine. This reaction was quite 
normal. 

ffe-mfiifton.— Phenylbenzylpropylazonium iodide was resolved by 
the aid of silver <f-camphor-3-sulphonate and (f-o-bromocamphor- 
d-sulphonate. In the case of the camphorsulphonates, the cfBrfA 
salt, being less soluble in a mi.xture of methyl alcohol and ether, 
first separated out. It has [Mjj, + 357'5° in methyl alcohol and 
+ 300'5° in aqueous solution. The /B<fA salt was obtained by 
recrystallisatioii from water, in which it is less soluble than the 
other component, and has [Ml„ -153-2° in methyl alcohol and 
-190-9° in aqueous solution. Taking [M]n for the fl’-camphor- 
sulphonic acid ion as +53°, the dB</A salt gives +247-5° and the 
/BdA salt -243-9° for the <J- and f-basic ions in aqueous solution 
respectively. 

On the other hand, if we assume that the salts dSiJA and IBdA 
behave normally in respect of the additive character of the mole- 
cular rotatory power of the two ions in aqueous solution, the value 
[^1 d d-caraphorsulphonic acid ion is deduced to be 

+ 54-8°, and that for the basic ion ±243-7° (see p, 1210). 

The ^reement }>etrveen the above hgures is sufficiently close, 
and the value of [M]p for the d-camphorsulphonio acid as above 
deduced further shows that the two salts dBdA, JBdA have been 
obtained in a pure condition. 

It has already been pointed out in the case of the camphor- 
sulphonates of phenylbenzylmethylazonium (T., 1914, 105 , 1973) 
that three ca.ses may occur when an externally compensated base 
is crystallised with an optically active acid : (1) the two salts 
dBdA, IBdA crystallise separately, so that each may be readily 
isolated ; (2) a partly racemic compound, dB/B, 2dA, may be 
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formed, in which case resolution is impossible; (3) each crystal 
which separates may contain both the salts dB(/A, IBdX in vary, 
ing proportions; in other words, the two salts form solid solutions^ 
one in the other, and resolution is very slow and incomplete, h 
the case of the camphorsulphonates of phenylbenzylpropylazoniua, 
behaviour of two kinds (types 1 and 3) is observed. After some 
of the dBdA, IBdA salts are separated in a pure condition, the 
residual salt, having [M]^ about + 35°, consists of 46 per cent, 
of the dBdA and 54 per cent, of the TBdA component. On further 
crystallisation from water, as well as from a mixture of methyl 
alcohol and ether, resolution |)roceeds extremely slowly, as is seen 
from the rotation constants. It is thus clear that the two salts 
have fonned solid solutions, one in the other, when their composi- 
tion corresponds with 46 per cent, of the dBdA and 54 per cent, 
of the IBdA component. 

In the case of the bromocamphorsulphonates, the IBdA com- 
ponent, which melts at a higher teniperatnre. first crystallises from 
a mixture of methyl alcohol and ether. The (/B(7A component, 
on recrystallisation, is obtained as an oil, which could not le 
solidified. The pure IBdA salt melts at 178—179°, and has 
[M]„-71 '2° in aqueous solution. 

Phenvlbenzylallylazonium iodide was resolved with the aid oi 
silver (/-camphor-d-snlphonate. The dBdA component, being less 
soluble in methyl alcohol, first separated out. It melts at 
147—1483 jnd has 190-3° in aqueous solution, +265“ in 

chloroform solution, - 285-7° in methyl alcohol, and +319-2=111 
ethyl alcohol. 

Ex P E n I M EN T A n. 

Pheit i/lmftli r/lfthi/Iiizonium d-a-Brnmnnwiphor-AivIphonalt. 

PhMeEt(XHdX-S 03 -C,„H„OBr. 

Finclv powdered azoninin iodide (2,5 grams) was added in small 
quantities at a time to one molecular proportion of silver 
r/-a-bromocamphor-d-sulphonato (37-6 grams) dissolved in boiling 
mcthvl alcohol on the water-bath. The contents of the flask were 
kept shaken, and, after the addition of the whole of the azoniiiE 
nxlide, the heating was continued for half an hour to complete 
the reaction. The methyl alcohol was distilled off, and the residue, 
consisting of solid j^ilvor iodide and the syrupy bromocamphor- 
snlphonate, was extracte^i in the usual way with methyl alcohol. 
On evaporating the methyl alcohol, an oily residue remained, whic 
did not crystallise even on keeping for six days. It was 
dissolved in alcohol, and preoipitatetl as an oil by the addition o 
ether. After some time fine, needle shaped crystals began 
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appear, a portion of the oil slowly became crystalline: this 
amounted to O'? grams and melted at 152-153°. The remaining 
portion of the 0,1 did not crystallise even on keeping under ether 
for SIX months (Found: C=49'05: H = 6'71 C TJ f, M 

requires 0=49-46; H = 6-29 per cent.). t'lAaOABr 

The rotate^ power* of the salt was determined at 29° in 
aqueous solution : 


Substance. 

Gram. Time. 

0-1738 ~ 

0'1738 After 25 hours. 


+ i-ir 
113 


[M].. 
+ 293-0'’ 
298-3 


The above camphorsulphonate (8-8 grams) was dissolved in the 
least possible quantity of methyl alcohol and precipitated by 
gradual addition of ether, with the following result: 


Yield. 

Fraction. Grams. 

A 2-2 

JB 5-9 


Substance, 
it p. Cram. 

154-1.55° 0-2960 

1-55 0-1792 

(in 20 c.c.) 


a.- [M]d- 

+ 1-86“ +288-3' 
M2 286-6 


Fraction B was submitted to the same process, and the rotatory 
^wer of fractions C and D into which it was resolved wm 
determined, with the following result: 


Yield. 

Fraction. Crams. 

C 2-1 

B 3 0 


Substance, 
il- p. Cram. 

1.53—130° 0-2184 

154— 15.3 0 2434 


«»■ [M].. 

+ 1-41° +296-2' 

1-54 287-8 


The rotatory power in all the above ca.ses was determined in 
irater at 29—30°. The lowest value of [MJ^, for the /BdA salt is 
about +287°, and since [.M]„ for silver rf-st-bromocaniphor-,8- 
sulphonate (Pope and Read. T.. 1914, 105, 809) is -f310°, the 
molecular rotatory power for the /-phenylmcthvlethylazonium ion 
19 -2,S° (287—310). 


d\-Fhcnyl i'>yt’fh>fhth>j}azonunn- Picratty 

PhMeEt(NH.JN-0*C5H.06N3. 


J'His salt was obtained from the racemic azonium iodide in tie 
Lisual way as yellow prisms melting at 110 — 111® It is ver^ 
readily soluble in acetone, less so in methyl alcohol, ethyl alcohol, 
■>1' chloroform, moderately so in water, and insoluble in ether 
iFound: N = 18'63. Cj^Hj-OrNj requires N=18'47 per cent.). 


The given weight of the substance was dissolved in 19-9 c.c. of solvent, 
the rotatory power determination was made in a 2-dpm. tube about 
“I" y minutes after solution. This applies to €tl] the observations recorded 
"■ [Joper, unless the contrary is stated. 
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l-Phcnylmethylethylai&nmm Picratc. 

The active picrate was prepared by adding an alcoholic solution 
of the bromocamphorsulphonate of the f-base to an alcoholic sola- 
tion of picric acid. On concentrating in the cold, water was 
added, when yellow prisms separated, which, after one or more 
reerystallisations from alcohol and ether, melted and decomposed 
at 114 — 115°. A mixture of the dl- and f-picrate "melted at 
107 — 108°. It is very readily soluble in acetone, less so in methyl 
alcohol, ethyl alcohol, or chloroform, moderately so in water, and 
insoluble in ether (Found? K = 1814. CjaH^OjNj rquirei 
N = 18-47 per cent.). 

The rotatory-power detenninations gave the following values: 


Substnnee. 

Tern- 



Oram. Time. 

perature. 

O-p. 

[MV 

0*2748 (ia 20 c.c, methyl alcohol) 4 hr. 

27 5* 

-0*1C“ 

~ 22-06* 

5 hr». 

270 

0-17 

234 

0-29'7 (in chloroform) — 

27-0 

0-186 

23-56 

2} hr«. 

27-0 

0-18 

22'08 

7J ,. 

280 

0*17 

21-51 

32 

27-0 

0-10 

12-67 


The rotatory power of the alwve ))icrate is practically identical 
in both the solvents. This is noteworthy, as phenylbenzylmethyl- 
azonium picrate has [M]^ three times as high in chloroform as in 
methyl alcohol (T., 1914, 105, 19S4). This is probably due to 
association of the molecules of the latter picrate in chloroform, 


is-Ph^ni/! a- [fro pi/lhy(!ra:in(, PhPr‘N-NH,. 

This war. prepare<l t>v dissolving sorlium, first obtained in a fine, 
granular condition, by melting it under xylene and vigorous 
shaking during cooling, in the calculated quantity of phenyl- 
hvdraziiie at 180°. under diminished pressure, and treating tie 
resulting sodium phenylhydr.arine with propyl bromide (Midiaeli?, 
Ber., 1897, 30 , 281,5). The secondary hydrazine was punfied by 
conversion into its hydrochloride (silky needles), which 
147°, and not at 13.5°. as stated by Michaelis (Found; C1 = 18W 
Calc.; Cl = 19,57 percent.). 

Phtnyl-a Jfrop^/lh ydrazinr hydrofrrroryanidft 
' (PhPrN-Nn;)jH,Fe(CN')„, 

is obtained as a white precipitate by the addition ^ ” j 

solution of potassium ferrocy-anide to a concentra 
phenylpropylhydrazino hydrochloride acidified wi J , < jjj 
add. It is successively washed with a little water, ^ 
ether, and dried in a vacuum desiccator. It is very r" 
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ia water, but less so in alcohol. On exposing it to the air for 
some time, it acquires a violet-blue colour (Found: Fe= 10-67; 
N=26-65. (CjH„N 2 ) 2 n,re{CN)s requires Fe=10-85; N=27-14 
per cent.) . 

il.phe.n1/lbemylpropyla20niu7n lorliile, PhPr'’(CH,Ph)(NH2)NI. 

(a) By, the Action of Bemyl loAule on PhenylpropylKydrazine. 
—An ice-cold ethereal solution of phenylpropylhydrazine (from 
30 grams of the hydrochloride) was added to one molecular pro- 
portion of an ethereal solution of benzyl iodide, also cooled in ioe. 
The crude product (33'5 grains), after recrystallisation from methyl 
alcohol and ether, melted and decomposed at 125 — 126°. In some 
experiments, the yield was even better. It is very readily soluble 
in methyl alcohol, somewhat less so in ethyl alcohol, still less so in 
water, and insoluble in benzene or ether (Found: I = 34'61. 
C'kHjiNsI requires 1 = 34-49 per cent). 

From the filtrate, on keeping tor some time, a very small amount 
of another substance separated. This was not an azonium iodide, 
but a hydriodide, as it gave an oil on treatment with a solution 
of sodium carbonate. 

( 6 ) 'the Action of I’ropyl Mide on Phenylhenzylhydrazine.— 
The action of propyl iodide on phenylbenzylhydrazine did not give 
the azonium iodide obtained under (a), but what appeared to be 
a hydriodide, as the product gave an oil on treatment with sodium 
carbonate. The mother liquor, on keeping for several weeks, 
deposited a small amount of another substance which did not melt, 
but evolved ammonia with potassium hydroxide. It appeared to 
be ammonium iodide (Found: 1 = 86-88. Calc.-. 1=87 6 per 
cent.). 

il-PhenijlhenziJpropi/lazonium chloride, 

PhPr”(CHjPh)(XH4NCl, 

is obtained in the usual way from the corresponding azonium 
iodide, and crystallises from alcohol and ether in colourless prisms 
melting and decomposing at 145“146°. It is very readily soluble 
in methyl alcohol, ethyl alcohol, acetone, or water, but insoluble 
in ether (Found: N = 10-53. CieHoiNXl requires N=10-15 per 
cent.). 

The corresponding jjiatinichlaridle is a buff-coloured substance 
melting and decomposing at 151°. It is insoluble in water or 
organic media (Found: Pb= 22-03. (Ci(in 2 iNX!) 2 FlCl 4 requires 
Tt=21-93 per cent). 

The dl-aurichlorule is first obtained as an oil, which, on rubbing 
i^d allowing to remain, becomes crystalline. It recrystallises from 
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hot alcohol in yellow prisms melting and decomposing at 132^133; 
It is very readily soluble in acetone, sparingly so in methyl alcohol 
ethyl alcohol, or c-hloroform, and insoluble in water or ether 
(Found; Au =34-08. C,i;H2,N..CI,,AuCl3 requires Au = 34-0 pe, 
cent. ) . 

On keeping for a few days in a stoppered bottle, it decomposes 
to a dark brown, semi-solid mass, hydrogen chloride being evolved. 


Phenylhenzyl propiilazonium ACamphor-^-svlphonaie, 

PhPr(CH„Ph){NH.,)N-S 03 -Cn,n, 50 . 

Finely powdered phenylbenzylpropylazoniiim iodide (30 grams) 
was added in small quantities at a time to one molecular propor- 
tion of silver </-caniphor-|8 s\dphonate contained in a mortal. 
Methyl alcohol, containing a few drops of water, was added tc 
moisten the contents of the mortar, and the mixture wa.s carefrllr 
triturated. This procedure was adopted in place of the usual one 
in order to diminish the decomposition which resulted when the 
constituents were heated together with ethyl acetate or alcohol. 
The mortar wa.s kept in a vacuum desiccator, and the solid residue 
was extracted with methyl ale-ohol in a So.xhlet apparatus. On 
evaporating off the alcohol. 33-8 grams of the cam])horsnlplionate 
(theoretical yield. 38'4 graim) melting at 18,3° were obtained. It 
is very readily soluble in methyl alcohol, etliyl alcohol, acetone, or 
chloroform, moderately so in water, and insnlnhle in loenzenc or 
ether (Found: II - 7 t?3. requires 

(' = 6G 12 ; H=.7'63 per eent.). 


A PhfnylhfnzylpyiZjiylnzoniiim d-t’amphor-^-^tiIphon<ite. 

The camphorsulphonate (32'8 grams), as qirepared above, n 
subjected to fractional precipitation by first dissolving it in the 
least pos.dble quantity of inethvl alcohol, and then gradually add- 
ing pure anhvriroiis ether- The following five fractions we 
obtained : 

Frartinn. 

I 

3 

i 

5 

The rotatory power wa.s determined in methyl alcohol at30-3|^ 
Fraction 1, after recrystallising several timw, gave the pure 
salt meliii'g at 190"', with the following values for rotatory 


irtirn.-*. 

M. p. 

SulvAfanop. 

(Jram. 


[M]p. 

fi-0 

187’ 

0-1727 

4- 0-76® 

^206-T' 

0-H 

i 

O' 1858 

0-145 

36'65 

1*V7 

18ft 

0-1065 

0-32 

76-4' 


186 

01 982 

0307 

72-’5 

62-41 


184 

0-lRftB 

0-24 
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Solvent. 
Methyl alcohol 
Water 


Tem- 

perature. 

24- 0“ 
27-0 

25- !! 

26- 0 


Tim©. 

Substance. 



Hours. 

Orairi. 

a.. 

[M],. 


01 340 

41 - 02 ° 

-{-357-5« 


OOD63 

0-616 

300-5 

23 

00963 

0-613 

299-0 

47 

0-0963 

0-61 

297-5 


Thus the pure salt, d^A, melts at 190°, and has [Ml + 357-50 
in methyl alcohol and +300-5® in aqueous solution. 


\-Fhenylhenzylprnp,ilazomum d-Camphor-ff-sulphnnate. 

Fractions 2 and 3 (amounting to 23-5 grams), after several 
Further fractionations in the usual way, gave 6 grams of salt melt- 
ing at 189 , which was optically inactive. The resolution in this 
,vay, however, proceeded very slowly, and as a preliminary experi- 
ment showed that the IBdA salt is less soluble in water, the 
ipfically inactive fraction was recrystallised from that solvent. 


Yielrl, 

Fraction. Clrams, 

al 2-0 

a2 3-0 


.Siitxstance. 
11- p. (ir.am. 

188° 0-2280 

ISO 0-2073 


-0-45° _ 92-69< 

40-26 + 68-92 


Fraction nl was twice again recrystallised from hot water: 


a3 0-.7.i 1:10 

a-t 0-2 ISO 


0-1202 - 0-18.7 

0-1836 -0-64 


-189-6 

-164-5 


Fraction a'S similarly gave iractions no and a$: 


«5 0-26 191 

After 20 hours : 

“C 0-18 

After 23 hours : 


0-1459 -0-59 

0-1459 -0,58 

0-1317 -0-51 

-0-47 


-190-9 

-187-6 

-181-9 

-167-6 


t' 26 ^ P0''''er 111 the above cases was determined in water 

The rotatory power of fraction no was also determined in methyl 
Icohol ; 


Suh.stance. 

Grtim. 

0-1159 

0-11.59 


Temperature. 


26-0 


Time. 

>foursi. 


-0-373° 

-0-378 


[M].. 

-151-r 

-153-2 


Thus the pure salt, /Br/A, melts at 191°, and has [M]j, -190-9° 
1 aqueous solution and -151° in methyl alcohol 


= 5-81. C,JL 


ANoS requires N = o-93 per cent). 


(Found : 


^After the pure safe, ,/Br/A and /BrfA, were isolated, there still 
trained about lo’b grams of the substance with [ 11 ]^ ranging 
™ ^ *1* 4 T2°. It was repeatedly crystallised, first from 

methyl alcohol and ether. Ultimately a 
[M]jj f 35*^ was ol^taiiied. when the rotatory power could 
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not be changed any further. It thus appears frcan the 
resolution that the two salts dBdK, IBdA have formed a solid 
solution one in the other. The rotation constants indicate that 
this fraction consists of about 46 per cent, of the dBdA and 
54 per cent, of the salt. 


The Mohailar Rotatory Powers of the Optically Active /onj ij 
Aqueous Solution from that of the Camphorsulphonates. 


The molecular rotatory powers of the two camphorsulphonates 
elAdU and rfAlB, in less than 1 ])er cent, aqueous solution are 
tabulated below : 

M. p. [M]„. 


(1) 190" +300-5’ 

(2) llidA 191 -190-9 


The algebraical sum of the molecular rotatory powers of these 
two salts in aiiueous solution should be equal to twice the molecular 
rotatory power of the acid ion, and the algebraical difference should 
be equal to twice that of the basic ion. The value of [MJj, for 
the camphorsulphoiiic acid ion becomes 51'8°. and that for the 
phenylbenzylpropylazonium iou 245’7°. The agreement bctweeo 
the value of [JIJp for tlie camphorsulphoiiic acid ion as deduced 
above, and that obtaiiietl directly, as in the following table, is 
fairly close : 

Tempt-ruturo. t-tl]o- 

20 ’ .tl-I’ (liriiham, T., 1913, 103, 764). 

i*rt> \ I ("rhorniks and Jones, 

W-i» / { T.. 1006, 89, 


I’henifV'emijl propijlazonium iVa-Urf}mnvamphor-^-sulphonatt^ 
PhPr=(CiI,Phj{XIl 2 )N'’S 03 -C\„Iin 0 Br. 

This salt was prepared by the gradual addition of finely 
powdereil azonium iodide (36-1 grams) to one molecular proportion 
of silver f/ o-bromocaiiiphor-B sulphonate dissolved in hot methyl 
alcohol. The heating was continued for half an hour on the water- 
lialh unticr rcthix. On liltcrmg off the silver ioriide and concen- 
trating the methyl-alcoholic e.vtract on the water-bath, an oil was 
obtained which at first did not crystallise. It was kept under 
ether overnight, when it solidified to colourless prisms (41 2 grams) 
melting at 141 -Md”, The compound is very readily soluble m 
methyl alcohol, lesH so in ethyl alcohol, acetone,^ or ethyl arata , 
sparingly so in water, and insoluble in ether (Found; ‘‘J 
H = 6-62; N = 5-27. t’aU«0,N,Br3 requires C = 66'63; H=6' 

N = ,5'08 per cent). 
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mrnylbcmyljn-opjlazoniurn i-a^Brcmocamphor-MphonaU. 

The crude bremocamphorsulphonate (40-2 grams) melting at 
144—148°, as obtained in the above way, was subjected to frao- 
tionaJ crystallisation, as follows. It was dissolved in the least 
possible quantity of methyl alcohol and precipitated by gradual 
addition of ether. In several cases an oil separated, which 
increased the difficulty of resolution : 


Fraction. 

2 

Yield. 

Grams. 

12-5 

2-3 

M.p. 

153—150° 

160—154 

Substance. 

Grams. 

01087 

0-1193 

a*. 

-1-0-54® 

0-68 

[M].. 
-f 272-0® 
312-2 

Fraction 1 similarly 

gave: 




3 

4 

3-2 

5-7 

178 

150—158 

01183 

0-1 3G2 

0-15 

0-742 

GO-44 

298-4 

Fraction 3 

5 

, after several more recrystallisatioiis, gave: 

1-0 178—179 0-1792 0-22 

After 8 hours: 0-22 

After 23i hours; 0-20 

67-31 

67-31 

61-1 


The retatory-power determiuatious in the above cases were made 
in methyl alcohol at 30—32°. The rotatory power was also 
determined in aqueous solution in the case of fraction 5 : 


Substance. 

Gram. a,.. [MJ„. 

0-0093 + 0 09° +71-2° 

Thus the pure IBdA salt melts at 178—179°, and has 
,M]j,+ 71'2° in aqueous solution and +67-3° in methyl alcohol 
Found: N = 5’13. CjeHjjO^N.BrS requires N=5'08 per cent.). 


i\-Phenylmcthylpropylaiomum Io<lide, PhMePr“(NH 2 )NI. 

(a) By the Action, of Methyl Iodide <m is-Phenylpropyl- 
lydrazine, — Methyl iodide (6 grams) was added- to one molecular 
iroportion of os-phenylpropylhydraziue (6 grams) dissolved in 
ilher. Within a short time, the mi.xture began to deposit a 
[nmmy mass, which, on keeping overnight, became crystalline. 
The crude substance (3-8 grams), after recrystallisation from 
ilcohol and ether, separated in colourless prisms melting and 
lecoinposiug at 106 — 107°. It is soluble In methyl alcohol, ethyl 
jlcohol, or water, but insoluble in benzene or ether (Found: 
-43 26. C^HijNjI requires 1=43-48 per cent.). 

(°) Action, of Propyl Iodide on is,-Phenylmtihylhydraiine. — In 
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this reaction, the corresponding azonium iodide could not he 
obtained, but ammonium iodide was isolated (Found: I = 87'87. 
Calc.; 1 = 87-6 per cent.). „ . ■ . 

Action of Propel loclUle (m se-Vhenylpropylhydranne.—la this 
reaction, also, the corresponding azoniiim compound (namely, 
phenyldipropylazouium iodide) could not be obtained, but a small 
quantity of ammonium iodide was isolated. 


dl-Pheni/hlhyhiUylozuniiim Iodide, l'hEt(CsH 5 )(NH. 2 )NI. 

Allvl iodide (o grams) was added to one molecular proportion 
of*os-phenvlethylhydraziue dissolve<l in ether and cooled in ice, 
The mixture was kept overnight, when a gummy substance was 
deposited, which, however, soliditieil on rubbing. The crude pro 
duct (2'4 grams), on recrystallisatiou from alcohol and ethei, 
separated fn colourless prisms melting and decomposing at 
107—108°, The salt acqtiires a violet colour at about 100' 
(Found: 1 = 42-09. requires 1 = 41-78 per cent.). 

The corresponding phitiiucltloridf is obtained, in the usual way, 
as a pale orange pm-ipilatc. conshting of prismatic neerlles melt- 
iim and decomposing at blF. It is very sparingly soluble in cold 
methyl alcohol, but more readily so in hot, and insoluble iu water, 
acetone, ethyl alcohol, Irenzene, or ether (Found; rt = -2o-:i, 
(Ciill,:X..ClbPlCl, requires 1>1 = 25-62 irer cent.). 

3,~rPfien'j!iiUythytlni:iiie, Ph(C3tIr,)N‘NH... 


This is iirepared iu the usual way by di,«sotving sodium m > 
finely divided, granular condition iu phenylhydrazme. and treatin' 
the ' resulting ' soilium phenylhydrazine with ally! bromide 
(Michaelis and Claes-seU, Her . 1S89. 22, '"^i.r, 

hvdrazine .s however. 1-est punfieil hy leading hydrogen cUorA 
into a chloroform solution of the ba^. 
hvdr«-hlonde melt.s at 149 .1,50°, and not at 
Michaelis and t'Lae.'.ien (lor. <il.) (bound. C- 
n - 19-22 per cent.). 


(1 1 - /7i < 11 ’illirii :yliillyl-izon in in lixMe, 

rh(cn.Ph)(C,n.i(XiU^''’i- 

An icei-old ethereal solution of ''''J 

grams) was added to one L .i tj,„e 

grams), abo cooled in u*. \N>th.n a sh t 
prisms began to deposit. The mixture was kept 
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the crude substance (27’5 grams) melted and decomposed at 
]t 5 _ 116 ®. On recrystallisation from hot alcohol, the tempera- 
ture of decomposition was raised to 116—117°. The substance is 
very readily soluble in methyl alcohol, less so in ethyl alcohol, very 
sparingly so in water or benzene, and insoluble in ether (Found : 
1 = 34-89. CjjHisNal requires 1 = 34-67 per cent.). 

Phenylhemylallylazomum i-OamphorS-sulpho-mte, 

Ph(Cri2Ph)(C3ll5)(NH2)N-S03-Cj„H,50. 

Finely powdered azonium iodide (23 grams) was added in small 
quantities at a time to one molecular proportion of silver 
(f-cainphor-d-sulphonate contained in a mortar. The mixture was 
triturated thoroughly in the presence of a little methyl alcohol in 
the cold, in order to ensure complete double decomposition. It 
was repeatedly extracted with methyl alcohol, and, on evaporating 
the solvent by blowing air through the mixture, 18-1 grams of the 
camphorsulphonate (theoretical yield, 29-6 grams) were obtained. 
It is very readily soluble in methyl alcohol, ethyl alcohol, or 
acetone, less so in ethyl acetate or water, sparingly so in benzene, 
and insoluble in ether. 


i.-PhenylhemijIalhjlri:oniuin d-C'iimphor-^stilphonate. 

The crude camphorsulphonate (24-3 grams), as obtained in the 
bove way, was subjected to fractional crystallisation from methyl 
Icohol and ether. The pure salt, dBdA, melting at 147 — 148° 
od having a constant rotatory power, -was obtained with great 
ise. As the rotatory power of this salt varies considerably with 
16 nature of the solvent, the effect of this was studied on the 
faction of constant rotatory power: 


Solvent. 

Time. 

Substance. 

(Jram. 


[Ml.. 

thyl alcohol 



01 143 

+0-78“ 

+ 319-2® 

,, 

After 5^ hours. 

— 

0-74 

302-8 





0-72 

294-6 

,, 

.. 511 .. 

— 

0-62 

253-8 

■ thvl alcohol 


U064.5 

0-394 

285-7 


» 21i 



0-35 

253-38 

1 , 


— 

0-30 

217-5 

hlorofoim 

(Solution slightly 
coloured. ) 

O-OOTl 

0-55 

265-0 

,, 

After 23 hours 



0-53 

265-3 

i^ater . 

„ 47 .. 



051 

245-7 


0 0983 

0-40 

190-3 


the aqueous solution became turbid on keeping, no further 
ladings could be taken. The mean temperature of all the above 
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observations was 27 — 29^. There is a marked mutarotation ^ 
case of methyl alcohol and ethyl alcohol, but it is much 1^?^ j 
the case of chloroform (Found: N = 6‘28. CgcH^O^N^S requirj 
N = 5'96 per oent.). 

The Chemical Laboratorv, 

Government College, 

Lahore, Pcnjab, India. [Received, July 20iA, iguQj 


CXXXIL- 7’/te Preparation and Characterisation i 

Kthylvnchromohiidrin . 

By John Reau and Rexforo Georoe Hook, 

According to the somewhat scanty references available in tl 
literature, it appears that ethylenebromohydrin has hitherto 1* 
prepared only in an impure condition. This remarltable fact in fl 
case of so simple a substance is to be attributed not so nmek t 
instability as to the nature of the preparative methods ailcpta 
Thus, in the older methods ethylene glycol was utilised as the start 
ing point, the second reagent being either ethylene dibromij 
(Louren 90 , .Inn. fhan. Phys., 1S63, [iii], 67 , 275), hydrojti 
bromide (Henry, Jnhn^hrr.. b'^7'2, 301), or phosphorus tribromij 
(Deinole, Her., 1S76, 9. -18) : wbereas. more recently, applicatioi 
has been made of the interaction of etbyleneiodohydrin and broioiii 
(Henry, ifii/l., 1889, 1321), and the direct addition of liypobroniou 
acid to ethvlene (Mokievski, ./. Ptt.*/^. t'htm, Soe.^ 139S, 30, 

900). Of the nrincipb-s ir.voh'ed in these methods the last i 
undoubteiily to he preferred, as lea.st liable to gi\e rise to iinpuritiB 
in the re.sultant etlivlencbromohydrin. and the advance which kis 
lately been made in the e.xperimental application of this principk 
(Read and Williams. T.. 1917, 111, 210; this vol, p. 359) has »« 
enabled ns to undertake the preparation of pure ethyleiiebrow 
hydrin in c|uanlitv. At the same time, further study has ta 
directetl to the course of the reartion between ethylene and (lilili 
bromine water, the investigation In-ing facilitated by the okne 
tion that, as anticipated, the amount of bromohydrin formed dung 
definite intervals may be estimated with siifTicient accuracy bt * 
titrimetric iletermination of the accompanying hydrogen hrom* 
producecl in accordance with the folloaving scheme, 

lloH F Hr, Ht'Br + HBr 

I + 

C,ll,Hr, C.H.BrOll 
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le results indicate a remarkable preponderance of bromohydrin in 
3 initial stages of the reaction; thus, when the concentration of 
jmohydrin has reached Q'iN the molecular ratio of ethylene- 
jmoliydrin to ethylene dibromide is about 10 ;1, and in more 
ute solutions the value is still higher. 

The characteristics of the pure ethylenebroraohydriii now obtained 
Fer markedly from the data recorded by previous observers, the 
nsity at. 20°, for instance, being 1'7629, as compared with the 
lue 1'7195 at 18'6°, given by Henry {toe. cit.). In view of the 
icific interest of this substance as a simple derivative of ethyl 
ohol and of its general potentialities as a synthetic agent, it 
■med important to establish its main physical and chemical 
iracteristics, and the present paper records some of the results 
inquiries directed towards these ends. 

Expebimental. 

rreparaiion of Pure Ethytenebromohydrin. 

Bromine vapour and ethylene were passed into 1500 c.c. of dis- 
,cd water under the conditions described previously (T., 1920, 
7, 359), the oiieration being continued for several days, until 
) grams of bromine had reacted. The rate of absorption of the 
miine, which was slow at first, increased appreciably as the reac- 
n progressed. Ultimately the liquid was neutralised in the cold 
the addition of solid sodium carbonate, and the aqueous layer 
s separated from ethylene dibromide. The latter, of which nearly 
If' the total yield had volatilised in the course of the experiment, 
s shaken once with water in order to extract dissolved bromo- 
driii, and dried over calcium chloride; the yield amounted to 
grams. The amount of hydrogen bromide produced in the reac- 
n, e.stiraated by titration w’ith standard silver nitrate solution, 
rresponded with 35 per cent, of the bromine added, and thus 
[icated a 70 per cent, yield of ethyleiiebromohydriu. In order to 
|w of the eventual recovery of the bromine present as bromide, 
t aqueous solution was saturated at the ordinary temperature 
h anhydrous sodium sulphate rather than with sodium chloride 
calcium chloride. Extraction of the bromohydrin was accom- 
ihed with three successive quantities of 250 c.c. of ether, and 
sr drying over anhydrous sodium sulphate the ether Vas expelled 
the water-bath. 

lepeated distillation of the residual crude ethylenebromohydrin 
0 grams) under atmospheric pressure demonstrated the imprao- 
bility of effecting an adequate purification by such a method. 
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The results were, however, of interest as throwing some light upon 
the varying boiling points, ranging from 147° to 155°, recorded for 
this substance by earlier inveatigators. On distillation, the tem- 
perature rose gradually to 145°, and the bulk of the liquid distilled 
between 145° and 150°, although, distillation was incomplete even 
at 155°. The distillates were pale yellow and the residue dark 
brown, and an appreciable amount of hydrogen bromide was pro- 
duced during the distillation. After several redistil]ations the 
purest material obtained in this way distilled between 146° aod 
150° (n“ 1‘4925; T)'f 1’7655, vacuum standard), On dilution with 
water to 60 per c»nt. strength a slight opalescence appeared, whilst 
at 50 per cent, a distinct second phase collected, and this persisted 
on further dilution. The second phase at 35 per cent, had 
??n T196, and was shown to contain ethylene dibromide. The purest 
ethylenebromohydrin obtainable by this method thus contains both 
ethylene dibromide and hydrogen bromide, as well as traces of 
water. 

By conducting the distillation of the crude ethylenebroinohvdni] 
under diminished pressure, however, these impurities are reaclilv 
eliminated. After the original removal of the ether, a little pur^ 
sodium carbonate is added, if necessary, to correct any acidity, and 
on distilling under diminished pressure a sharp delimitation occurs' 
between the portion of low boiling point and the main fraction, In 
three diflcrent preparations the latter boiled smoothly and con- 
stantly at o3’5°/T4 nmi., 04'5°/M mm., and 4S'5°/13 mm. respec- 
tively, and no colour was developed during the distillation. The 
pure s\ibstance- is neutral to litmus, and gives no opalescence when 
diluted with water or silver nitrate solution. As a rule, one distil- 
lation under diminished pressure yields a product conforming to 
these criteria, but sometimes a second distillation is necessary. Ths 
average primary yield of pure ethylenebromohydrin obtainable from 
450 grams of bromine, in the manner outlined above, is about I'H’J 
grams, and further quantities may bo extracted from the distillate 
of low' boiling point and the original aqueous liquid. It may be 
mentioned that the extraction with ether from the aqueous solu- 
tion is rendere<l moret complete by previously saturating it with 
sooliuin sulphate at about 30° instead of at the ordinary tempera- 
ture. Under such conditions a second phase, consisting mainly o! 
cThylenehromohydriu, separates from the solution concerned, that 
is, from an 'approximatelv I“i.V-?ohUion of ethylencbromohydrio 
containing aUo sewiium bromide. This obseiwatiou is in conformity 
with Gomberg's experience with aqueous solutions of ethyienechlori)- 
hydrin (./. Amrr. ('hfm. Nor., 1910. 41 , 1426). The volume of 
ethylene required in practice for this preparation amounts, accord- 
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iiig to our experience, to between twice and thrice the calculated 


quantity. 


Conditions affecting the Course of the Reaction heiween Ethylene 
and Dilute Bromine If'ater, 

The effect upon the course of the reaction utilised in the fore- 
going preparation of certain factors which may be subjected to 
variation has been discussed in former communications {loc. cit.) ; 
supplementary work of a quantitative nature has now been carried 
out in three directions in order to establish the influence upon this 
process of (1) concentration of the reaction-products, (2) tempera- 
ture, and (3) light. 

(1) For the purpose of ascertaining accurately the amounts of 
cthylenebromohydrin produced at various stages of the reaction, 
the determination, from time to time, of hydrogen bromide in an 
aliquot part of the reaction mixture proved to be satisfactory. In a 
control experiment, bromine vapour was passed into 500 c.c. of 
uater under the usual conditions, the current of ethylene being 
replaced by one of air; after an interval of seven hours, during 
which a pale yellow tint had been maintained in the liquid, the 
volume of .1 /10-silver nitrate solution required by 5 c.c. was less 
than one drop, showing that no measrrrable decoinjrosition of hypo- 
bromous acid into hydrogen bromide and oxvgcii had taken place 
under the conditions adopted. 

In the succeeding preparations of ethvlenebromohvdrin the cus- 
tomary procedure was observed, except that the bromine was intro- 
duced in stages, the amount used being determined in each case by 
direct weighing. At the end of each stage the liquid was stirred 
for ten minutes after it had become colourless, and 5 c.c. of the 
liquid was then witlidr.awn and litrated with standard silver nitrate 
solution. .Some of the results of two independent series of experi- 
ments are tabulated below. The calculations take into account the 
changes in volume wliich occur throughout the process, but it was 
considered unnece,s,sary to ajiply a correction for the slight loss of 
bromine by diffusion. The original volumes of water used were 
530 c.c. and 550 c.c. respectivclv, and in (he second series a higher 
final concentration was attained than in the lirst series. The tw-o 
sets of results are instructive as illustrating the order of the numeri- 
cal discrepancies which may occur in determinations of this kind. 
It should be added that the temperature of the solution, which was 
icecooled. varied from about 7° to 9°, and tliat the experiments 
were conducted in diffused daylight. 
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Percentage 




Total 

of total 





bromine 

bromine 

Concentration of 


Total 

present aa 

reacting 

ethylenebromohydrin. 


bromiue 


to form 




present 

. -t-HBr 

CaH^Br-OH 

Grams per 


Stage. 

(grama). 

(grams). 

■ +HBr. 

litre. 

Normality, 



Series 1. 



1 

4-2(j 

405 

95-1 

5-9 

- 0-048 

2 

12»5 

11-85 

91-5 

17-5 

0-140 

5 

52'50 

44-02 

83-8 

65-0 

0-520 

S 

lOO-liG 

76-73 

76-2 

112-4 

0-899 

12 

160-44 

111-00 

60-2 

161-8 

1-294 



Series II. 



1 

400 

3-77 

943 

0-3 

0-043 

2 

12-10 

11 00 

91-7 

15-8 

0-120 

4 

31-36 

43-26 

84-2 

61-7 

0-494 

7 

97-67 

75-06 

769 

100-6 

0-863 

10 

167-90 

111-20 

70-5 

156-9 

1-265 

15 

230-41 

148-31 

64-4 

207-6 

1-661 


These data show that the relative velocity of reaction between 
bromine and ethylene and hypobrom'ous acid and ethylene respec- 
tively is displaced to the advantage of the former reaction as the 
products accumulate, a result which is probably connected with the 
great difference in solubility of ethylene dibromido and ethylene- 
bromohydriii, and the separation of the dibromide as a distinct 
phase. Notwithstanding tho change which has just been noted, the 
molecular ratio of bromohydrin to dibromide (which in the first 
stage was about ‘.’O: I) remained greater than unity throughout the 
range of concentrations investigated. 

By plotting concentrations of ethylenebromohydrin in terms of 
normality factor (r) against the corresponding percentages (y) of 
bromine reacting to form ethylenebromohydrin and hydrogea 
bromide a regular curve is obtained (Fig. 1), the major portion of 
which is closely defined by two linear equations, namely, 
(i) y = 9-T37-2a'48.r, and (ii) y = 89-99 - 15-47x. These equations 
embrace, respectively, the portions of the curve corresponding with 
(i) a = 0125 to 0-S53, and (ii) a: = 0-853 to 1-661. The approximate 
yield of ethylenebromohydrin obtainable from a given amount of 
bromine, over this range of concentrations, is thus capable of ready 
calculation. 

Attention was also directed to the rate of absorption of the 
bromine in these experimeiite ; this was found, on the whole, to 
increase with the concentration of the solution, although irregulari- 
liss were noticed. Twenty-one successive portions of 8 grams o 
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bromine took the following respective times, expressed in hours, for 
complete absorption when introduced with ethylene under the 
usual conditions into a volume of water originally measuring 530 
c,c.: 1-9, 1-6, 1-6, M, l'\, M, r2, VO, 0*9 VI, VI, VI, V3, 0'8, 
O'S, 0'6, 0'5, 0-5, 0'5, 0'5, 0‘5. The gradual acceleration in the 
rate of absorption may perhaps be attributed to an enhanced 
solvent action of the bromohydrin solutions on the ethylene, that 
is, ^ progressive increase of the molecular concentration of this 
reagent. In other series of experimenta the corresponding times 
v,’cre noticeably different, and it seems possible that the acceleration 
or retardation was due to the presence of small amounts of foreign 
substances. 

(2) In order to test the influence of temperature on the reaction 


Fio. 1. 



t was conducted at 3.5®, after a preliminary control experiment 
had been carried out at the same temperature according to the 
principle indicated above. A constant volume of 250 c.c. was 
maintained throughout the ex{)erinieat, water being added to 
replace the loss by evaporation. The volume of S jl'd-siheT nitrate 
solution reqiiire<l by 5 c.c. of the liquid after the control cxperi- 
meut had been continued for four hours was 0 08 c.c. Thus, at 35® 
there appears to be a verv slow decomposition of hypobromous acid 
into hydrogen bromide and oxygen, and a corresponding correction 
was introduced. It was also found necessary, when working at this 
temperature, to a{)ply a correction for the loss of bromine by 
diffusion, which amounted to V20 grams in the control experiment. 

On passing bromine vapour and ethylene into 250 c.c. of water 
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under the conditions of the control experiment, the amount of 
bromine utilised in the preparation of a 0’437JV^-solution of 
ethylenebromohydrin was 28-2 grams, after correcting for the loss 
by diffusion. Of this amount, 62 per cent, reacted to form 
ethylenebromohydrin and hydrogen bromide, as compared with 
85-4 per cent, reacting in this way, for the same concentration, in 
the ice-cooled solution. The time taken was 14-5 hours, the corre- 
sponding time at the lower temperature being 10 0 houra. It is 
therefore apparent that by raising the temperature the reaction 
takes place more slowly, and that at the same time the molecular 
raUo of ethylenebromohydrin to ethylene dibroniide is materially 

lessened. 

The effects just noticed were accentuated at still higher tempera- 
tures but owing to the considerable loss of bromine by diffusion at 
temperatures much above 35° quantitative examination was ren- 
dered difhcult in such cases. From further expenments, to be 
described below, the second effect is somewhat more pronounced 
than indicated by the above hgures, which take no account of the 
slow hydrolysis of ethylenebromohydrin occurring in warm aqueous 
solution* The slower rate of reaction between ethylene and bromine 
water in warm solutions is probably to be attributed to the diminish- 
iim solubility of ethylene in water as the temperature nses. 

'(3) In the addition of hypochlorous and hypobroinous acids to 
unsaturated substances it has usually been assumed that the reac- 
tion is favoured bv conducting the operation not only at a low 
temperature but also in diffused light, or, preferably, in the dark. 
It was therefore of interest to investigate the iiinueiice of light upon 
the additive reaction between hypobroinous acid and ethylene, In 
the short series of experiments summariseil below, the ice-oooled 
water (530 c.c.) was exposed to direct sunlight during the passage 
of the bromine vapour and ethylene, and the progress of the reac- 
tion was followed in the manner already described. The result of a 
control experiment indicated that no appreciable decomposition of 
hvpobromous acid took place under the conditions laid down. 



Total 

Total 

broniiiK' 

lis 

('onof n- 
tratiuii "f 

1‘rrcontago of total 
bronunri roarting to 
form CJI,Ur‘01I-^HBT, 

Stage. 

1 

2 

4 

bromine 

pnvent 

(griiin.w). 

4-12 

12-:iS 

20-35 

3*3-59 

OIC 

■ ^JfBr 
(grains). 

3 81 
10()7 
17-80 
30-75 

clliylene- 

bromohvdrln 

{Si 

0 0b> 

0 no 
0-212 

0 30x8 

In sunlight. 
92-5 

880 

87-5 

84-0 

In ililTusod 
light. 
93-5 
9bT 
90-0 
86-8 


4 30-59 31)-, a oawx 

From the last two columns of the table it is seen that the values 
obtained in this series of experiments for the molecular ratio o 



CajABAOTEMSATION OE ETHYMlNEBBOMOHyDEKf. 1221 

ethylenebrumohy^fin to ethylene dibromide are slightly lower than 
the values corresponding with the original conditions; the diBer- 
enoes, however, are not marked. The time taken for the absorption 
was 2-75 hours, which is appreciably less than any corresponding 
period observed for an experiment conducted in diffused light. On 
the whole, therefore, the rather remarkable conclusion is reached 
that sunlight exerts an advantageous rather than a detrimental 
iuBueiice upon the additive reaction between hypobromous add and 
ethylene. 

Phyticd Properties of Pure Ethylenehromohydrin, 

Kthylenebromohydrin is a colourless, mobile liquid, miscible with 
water in all proportions. Demole’s statement (foe. cil.) that it is 
only sparingly soluble in water indicates contamination with 
ethylene dibromide. The solubility in water decreases considerably 
in the presence of certain salts, such as, for example, sodium 
chloride, calcium chloride, and sodium sulphate. The aqueous solu- 
tions possess a sweet, burning taste. The vapour of the pure sub- 
stance or of its aqueous solutions, down to about 5 per cent 
strength, produces a painful irritation of the eyes and noetriJs 
shortly after inhalation. Ethylenehromohydrin dissolves readily in 
most of the common organic solvents, but forms a distinct phase 
when added to light petroleum. It distils unchanged under 
diminished pressure at the temperatures noted above; when the 
pure substance is heated under atmospheric pressure, however, it 
darkens as the temperature approaches the boiling point, and 
decomposition occurs with the production of hydrogen bromide. 
Distillation commences at about 150^, but the temperature 
fluctuates and the boiling point is iudeiinite. 

The refractive index of several specimens was determined with 
the Abbe refractometer at 20" for the D line; the results were 
practically identical, the mean value being 1 '491.5. When the liquid 
was exposed for a few seconds on the prism this value sank in a 
typical instance to 1'479 ; this oljservation illustrates the pronounced 
hygroscopicity of ethylene broniohydrin. The observed molecular 
rdraclive power at itP was 3-l'81. which stands in close agreement 
with the calculated value, 34'76. 

Determinations of specilic gravitv (reduced to a vacuum) were as 

follows : 

D; i'7902, D;' l-7r>%, l);" i-7629. Dp"' I'TStiO, Df 1-7494. 

The mean coefficient of dilatation between 0'^ and 30°, calculated 
from the data obtained in the above deterininations, is O'OOOTS. 

Z Z 


VOL. csvn. 
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The llelationshi'p between the Refractive Index and the Cohcentra- 
iion of Aqueoue Solutions of Ethylenehromohydrin. 

It has been shown hy Irvine that measurements of refractive 
index provide a rapid and convenient method for the determination 
of the approximate strengllis of aqueous solutions of ethylenechloro- 
hydrin ; the method has also been adopted, with useful results, by 
Gomberg iloc. p. 1418). For this reason, and also in view of 
certain interesting thermal changes and related phenomena which 
occur during the dilution of ethylenebromohydrin with water, it 
was considered advisable to undertake a refraotometrio examination 
of a series of aqueous solutions of this substance. Solutions of 
diSerent couceulrations were made by direct weighing of the con- 
stituents, and in each case the refractive index was determined with 
the Abbe instrument at 20"^ for the O line. Some of the observa- 
tions are tabulated herewith : 


Percentage by 
weight of 
ethylene- 
bromohydria. 

n» 

Percentage by 
weight of 
ethylene- 
bromohydrin. 

<• 

100000 

1'4915 

49-179 

1-3915 

95-340 

1-4801 1 

40372 

1-3780 

90-032 

1-4671 

30-999 

1-3667 

80007 

1-4454 

22-441 

1-3561 

72-201 

1-4299 1 

18-810 

1-3617 

60-586 

1-4095 1 

10-010 

1-3422 

53-620 

1-3980 

3-361 

1-3358 



0 (water) 

1-3330 

When the whole of the data 

are represented 

graphically, the 


resulting points lie on a regular curve which does not approximate 
to a straight line (Fig. ‘2). Xbe character of the curve indicates that 
the refractive index of aqueous solutions of ethyleuebromohydrin 
is always less than the value calculated from the admixture formula, 
that is, oil mixing elhyleuebromohydriu with water there is a con- 
traction in volume. It is also to be observed that the value of the 
refractive index does not pass through a maximum, as iu the case 
of ethyl alcohol (Uoroschevski and Dvoi'schantschik, J. Rus$. Phys. 
(‘hem. Sor., 19h8, 40 , 90S}. It is evident that the above curve 
furnishes a ready means of determining, with close accuracy, the 
concentrations of aqueous solutions of ethylenebromohydrin. 


The Di-itillation of Aqntom Sohdiom of Kthyltvehroinohydm. 

From the general characteristics of ethylenebromohydrin it 
seemed probable that its dilute aqueous solutions, such as are 
obtained in the method of preparation outlined above, might 
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concentrated by fractional distillation. In order to teat this point, 
solutions of known strength were submitted to this operation, the 
various fractions being examined refractometrically. In the case 
of a 5 per cent, solution a first fraction, containing 3 per cent, of 
the total bromohydrin, had a concentration of 12 per cent The 
concentrations of succeeding fractions were lower j when 20 per cent, 
of the total bromohydrin had been collected, the concentration of 
the next few drops of distillate was 9‘5 per cent, and after the 
collection of 50 per cent the corresponding value was 7'0 per cent 


Fig. 2. 



The boiling point was originally 100 0^/7(56 mm. and it rose 
eventually to lOO'P. Tlie boiling point of water at the same 
pressure is 100'22°. 

With a 30 per cent solution a fiivt fraction, containing 11 per 
cent, of the total bromohydrin. had a concentration of 34-0 per 
cent, and when two-thirds of the total bromohydrin had passed over 
the conceutratiou of the next few drops of distillate was identical 
’A'ith that of the original solution, that is, 30 per cent. Meanwhile, 
the boiling point had risen from 99 0^ to 99 4^; the barometric 
height was 768’5 mm., corresponding with a boiling point of 100 31° 
for water. 
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These observations suggested that ethyleuebromohydrin forms a 
mixture of constant boiling point with water at a concentration in 
the vianity of 34 per cent. A similar distillation of a 34 per cent, 
solution confirmed this conclusion, the actual concentration of the 
constantrboiliug mixture being 35'0 per cent., as is evident from the 


following table: 

Boiling 
Fraction. ; point. 

Woight of 
fraction 
(grams). 


Concentratioa Percentage 
per cent, of of total 
bromohydrin, bivomohydria 
in fraction, in fraction. 

1 

99-1 

0-90 

1-3718 

36-1 

3-0 

2 

99-1 

2-06 

1-3720 

35-2 

6-9 

3 

99-1 

2-9ti 

1-3717 

35-0 

9-8 

4 

99 1 

3-22 

1-3717 

35-0 

10-7 

5 

99-2 

3-38 

1-3716 

34-9 

11-2 

6 

99-2 

3-44 

1-3714 

34-8 

11-3 

7 

99-2 

4-24 

1-3708 

34-3 

13-7 

8 

99-5 

4-3o 

1-3700 

33-7 

13-9 

residue 

_ 

6n 

1-3700 

33-7 

16-6 


The constant boiling point of a 3.r0 per cent, aqueous solution of 
ethyleuebromohydrin is therefore Sa P/Ted'd mm,, the correspond- 
ing boiling point of water being 100 06°. The residue from the 
above distillation possessed a faint yellow colour, and was distinctly 
acid; titration with standard silver nitrate solution showed that it 
contained 0T191 gram of hydrogen bromide, evidently produced by 
partial hydrolysis of the broiuohydrin during the distillation. The 
distillates contained a mere trace of the acid, and thus the percent- 
age amount of the total bromohydrin hydrolysed in the course of 
the operation was 2-2. 

Very interesting results were obtained by distilling more con- 
centrated solutions of the bromohydrin, ami a typical series of data 
is accordingly summarised below for the- case of a 74'9 per cent, 
solution. The barometric height was 755 mm., corresponding with 


a boiling point of 09 ti2° for water. 






Concentra- 






tion per 

Percentag-i 



\V(:i^,!jt of 


cent, of 

of total 





broino 

bromohydiTn 

Fraction. 

Boiling point. 


"iV- 

liyJria. 

infraction. 

1 

99- 

io.-> 

i-;iT9K 

41-0 

2’0 

2 

lOO-O— lOl-O 

3-03 

i-:{S3S 

43’9 

6-1 

3 

Uil i>— 

3-7i> 

l-3>:sO 

47-0 

8'0 

4 

IOl’S— BUM 

:j-.s4 

!-’.»9s2 

53-9 

9-5 

5 

109!— 1370 

3S1 

1-4332 

74-0 

12’<) 

6 

l37t>-147-4 

•l-.-.l 

l-4S4t) 

970 

20’0 

7 

147 4 -149 0 

.>•26 

1 4912 

99-9 

24-0 

rc.^iduc 

— 

3-83 

1 490.> 

99-7 

17-5 


When concentrated aqueous solutions of ethylenebromohydriii ata 
uistilled the wtiter tiuu jiaa-ws over in the initial stages of the opera- 
tion, and eventually almost pure bromohydrin distils. In the 
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experiment described it was ascertained by titration that 0'9 per 
cent, of the total bromohydrin present was hydrolysed during the 
distillation. Of the hydrogen bromide formed it is interesting to 
note that 5 per cent, remained in the distilling flask, and 5 per oent. 
was present in traction 5 ; the bulk was found in fractions 6 (60 per 
cent.) and 7 (30 per cent). As fractions 6 and 7 thus contained 
17 and 0'7 per cent, of hydrogen bromide respectively, the purity 
was distinctly lower than indicated by the refractive index. From 
these investigations it is seen that dilute aqueous solutions of 
ethylenebromohydriu might bo concentrated by fractional distilla- 
tion, but that in dealing with large quantities of such solutions the 
loss by hydrolysis would be considerable. This objectionable feature 
could be partly eliminated by conducting the distillation under 
diminished pressure. 


The Hydrolytk nf Elhyhnebromohydrin. 

The slight decomposition noticed during the distillation of 
aqueous solutions of ethyleiiebromohydrin seemed to indicate a 
greater susceptibility of this substance tow'ards hydrolysing agents 
than is e.xhibited by ethylenechlorohydrin, and accordingly further 
observations were made iu order to settle this point. 

In the first place, when aqueous solulious of ethylenebromohydriu 
of concentrations ranging from 9.) per cent, to 3 per cent, were 
prepared and examined at tegular intervals no decomposition could 
be established until several weeks had elapsed. As a typical 
example, a 50 per cent, solution after remaining for a month at the 
ordinary temperature had develoi)ed a perceptible content of hydro- 
gen bromide, corresponding with the hydrolysis of about 0'3 per 
cent, of the bromohydrin originally |)re.scnt; in the same period 
the refractive index had declined by 0'li007. With a 3 per cent, 
sohition the amount hydroly.sed in the same time approached 1 per 
cent, of the bromohydrin, and in general this very slow hydrolysis 
was most apparent in dilute solutions. At higher temperatures the 
velocity of hydrolvsi-s in aqueous .solution was mnch accelerated ; on 
Iwiling a per cent, wdiition tor thirty minutes under reflux, 
19 per cent, of the bromohydrin w.as hydrolysed, and in ninety 
minutes U per cent w,a,s hydrolysed. 

Silver nitrate produced no immedi.ate reartion with cold aqueous 
solutions of the bromohvdriii, hut in dilute solutions an opalescence 
developed after fifteen or twenty minutes, and quantitative estima- 
tions made after longer intervals showed that the liydrolysis had 
iiiidergouo appreciable ,aceoleratinn. 

Seeing that ethylenebromohydriu is preparetl in acid solution, it 
was of interest to ascertain the efTeet of acid on the rate of hydro- 



1226 READ AND HOOK ; ETHYLENBBROMOHYDEIN. 

lysis A rSA-solution of hydrocUoric acid oontaimng 9'0 per cent, 
of ethylenebromohydrin was examined twenty-four hours _ after 
being prepared, but no perceptible hydrolysis had occurred in the 
cold By boiling this solution for thirty minutes, 51 per cent, of 
the bromohydrin was hydrolysed, the presence of acid having there- 
fore accelerated the reaction. 

It was to be anticipated that alkali would exert a much more 
pronounced acoeleration than acid, and, m fact, a 4-5 .per cent, 
solution of ethylenebromohydrin, containing about two equivalent 
proportions of potassium hydroxide, was hydrolysed to the extent 
of 47 per cent, when allowed to remabi at the ordinary temperature 
for thirty minutes. By boiling a similar solution for thirty 
minutes, 97 per cent, of the bromohydrin was hydrolysed, and 
ninety minutes’ boiling brought about complete hydrolysis. 

Lastly an analysis of a pure specimen of ethylenebromohydrin by 
alkaline ’hydrolysis may be quoted: 0-2935 gram, after boiling for 
ninety mbiutes with an excess of sodium hydroiade ^lut.on, 
required 23'5 c.c. of -V/lO-AgNOa. Br = 64 0. Calc., Br = 64 0 per 
cent. 

Summary. 

1 Pure ethylenebromohydrin has been prepared in quantity by 
the action of cold dilute bromine water on ethylene this method 
having been found preferable to any other which has been described 

rimXve reaction tlie molecular ratio of ethylenebromo 
hydrin to ethylene dibromidc decreases continuously with merging 
Jnceutration of ethylenebromohydrin and hydrogen bromide m the 
solution, and also with rise of temperature, but it is not influenc^ 
markedly by sunlight. The reaction is hastened by cooling or by 

exposure lo^sunh^ght^l ethylenebromohydrin, sad 

also the relationship between the concentration and refractive index 
of its aqueous solutions, have been established. c , , 

4 Ethylenebromohydrin and water form a mixture of constant 
I, oiling point (991°/T62'4 mm.i at a coiioeiitratioii of 35 0 per 

5 Ethylenebromohydrin is hydrolysed more 
ethylfnechlorohvdrin. In cold aqueous solutions the 
perceptible, although extremely slow; it is 

heat, also by the presence of acid, and, notably, of alkali. 
Cognate investigations are in progress. 


Dxpaetment of Oroanic Citemistrv, 
University of Syditey. 


[ReC'ived, Auguft 30</i, 
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CXXXIII . — The Propagation of Flame in Mixtures of 
Methane and Air. Part IL Vertical Pro- 
pagation, Part III. Propagation in Currents 
of the Mixtures. 

By Walter Mason and Richard Vernon Wheeler. 

Part IL — ^Vertical Propagation. 

The object of the experiments herein described on the vertical 
propagation of flame in mixtures of methane and air was to obtain 
information as to the magnitude of the effect of convection currents 
on the speed of the flame. 

Except, perhaps, during the "uniform movement/’* the trans- 
ference of heat by convection currents clearly plays an important 
part in the transmission of flame, and is accountable for many of 
its phenomena. For example, the well-known fact that the limits 
of inflammability of gaseous mixtures vary with the position of the 
point«of ignition according as the flame has to pass upwards or 
downwards through the mixture, more combustible gas being 
recjiiired to form a lower-limit mixture under the latter conditions, 
is explicable on the assumption that during the downward pro- 
pagation of flame convection eurreiits do not materially affect the 
transference of heat to unburnt layers of the mixture. A like 
explanation can be given for the fact that when mixtures of 
methane and air containing les'^ than 7-5 and more than 12‘5 per 
cent, of methane are ignited at the centre of a closed spherical 
vessel, flame reaches the bottom of the vessel later than it reaches 
tile top by an inton’al of time which varies with the methane- 
content of the mixture (T., 1918. 113. 845V 
In general, it would seerii probable that flame should travel 
vertically in a given mixture more raju'diy when it is ignited from 
Wow than when it is ignited from aliove. if only by virtue of the 
current produced by the heated gases. Under the special condi- 
tions of ignition at the centre of a closed vessel, however, anv 
difference there may lie lietween tlie speeds of upward and down- 
ward propagation of flame is inappreciable with mixtiire.'i in which 

* The "uniform movement" is the term genondly applied fo the initial 
slow propagation of flame at a imiform speed that occurs wlien (\n inflrtnimoble 
mixture w ignited at the open end of a horizontal tube closed at the other 
end. Under such conditu>n.«i the propjuration of flame is a<,^umi’d by Lo 
Chatelier to bo “normal” and to bo effected mainly by the conduction of 
beat from the burning to the unburnt gases. 
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the speed of flame is comparatively rapid (mixtures containing 
between 7-5 and 12'5 per cent, of methane). As hearing on this 
point, certain observations by Schloesing and de Mondesir on the 
combustion of mixtures of carbon monoxide and air should he 
noted. Having remarked that one rarely observes the " normal " 
propagation of flame because of the development of movements in 
the gaseous mixtures due to the combustion itself, they suggest 
that one of the principal causes of movement or agitation of the 
burning mixture is the diftereiioe in density between the heated 
and the cold gases: “XJn melange gazenx allume par la partie 
inferieure, brule toujonrs pins vite que lorsqu’il cst allume par 
la partie superieure. Les gaz chauds s’elcvent en effct a travers 
les gaz froids aveo une vitesse qui vient s’ajouter a lavitesse normals 
de propagation. Mais I’acceleration ainsi produite est toujonrs 
tres faihle; elle n’est sensible qu’avec les melanges gazenx tres lents 
et renfermes dans des tubes de grand diametre” (Arm. dei Mines, 
1883, [viii], 4 , 298). 

As regards the “ unifonn movement” (that is to say, '‘normal" 
propagation of flaniej, we drew the conclusion (T., 1917, 111. 
1053) that if Le Chatelier's definition of it as “le mode de propaga- 
tion par conductihilitc ” be accepted, it is a strictly limited pheno- 
menon obtainable only in tubes within a certain range of diameter, 
large enough to prevent appreciable cooling by the walls, hut 
narrow enough to suppress the influence of convection currents, so 
that the diameter of the tube in which the flames travel should he 
specified when speeds purporting to l>e those of the ''unifonn 
movement” or ''normal" pro)iagation of flame are recorded. 
Alternatively, the initial slow movement of flame at a uniform 
speed should he regarded simply as a particular phase in the 
propagation of flame that occurs when ignition is effecteil (in a 
quiescent mixture) at the o()en end of a straight, horizontal tube 
(of any diameter) closed at the other end, and not as resulting from 
a particular mode of heat transference.* As a result of the present 
investigation, it is .shown that the latter is the preferable, if not 
the only correct, way of regarding the nniforiu movement; for the 
idea that this '' normal " propagation of flame is solely by con- 
duction of heat from layer to layer of the mixture is untenable. 
Further, it is shown tlrnt there is a uniform regime in the propaga- 
tion of flame from the ojaen to the closed end of a straight tube 

• The influence of convection ciurenls is rioticeablo with the. fastest flames 
in mixtures of melti.mc nnfl air in tuhes 10 ern, in diameter, the visible effect 
being a turbulence of the flame-front ; whilst in tubes of smaller diameter 
(5 to 9 cm.), although there is no tnrhnlent nppeurnnne, the shape of tlic 
flame.front .shows that there is a definite movement of the hotter gaso 
towards the upper part of the tube (T.* 1014, 105, 2600). 
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vvhen the tube ia vertic^ and the direction of travel of the flame 
is either upwards or downwards. 

I. Ignition at the Open End of a Vertic(d Tube Closed at the 
other End . — Under these conditions, the first phase in the propa- 
gation of flame in a horizontal tube is the uniform movement. If 
tills uniform movement of flame in a horizontal tube represents 
essentially the transference of heat by conduction from layer to 
layer of the mixture, similar conditions of ignition with a vertical 
tube should produce a similar uniform movement when the open 
end of the tube is above, so that the flame travels downwards; for 
convection currents cannot then b© held to play a greater part in 
the transference of heat to the uuburnt mixture than when the 
flame is travelling horizontally. Moreover, the initial speeds of 
the flames in like mixtures during their downward propagation in 
a, vertical tube and during the uniform movement in a horizontal 
tube should be approximately the same, at all eventa in narrow 
tubes in which the action of convection currents during horizontal 
propagation may be assumed to be at a minimum. 

During upward propagation, on the contrary, the initial speeds 
of the flames should be faster than during the “normal ” uniform 
jnoveineut in a horizontal tul)e, and it would seem unlikely that 
any phase in the [)ropagation of flame corresponding with the 
ujiifonn movement would be of long duration. 

A glass tube 5 cm. in diameter and 5 m. long was employed for 
the first series of exi'jeriments, with “screen-wires’’ for recording 
the speeds of flames stretch€<l acro.5s at intervals of 50 cm. Ignition 
was at a 5 mm. spark-gap 4 cm, froin the open end of the tube, 
and the first screen-wire was stretched at a distance of 20 cm. 
from the point of ignition. The mouth of the tube was provided 
with a flange ground to receive an end-piece, which was held in 
position by metal clij>< wjiilst the tube wa‘5 Wing filled with the 
mi.vture. Before igniting the mixture, this end-piece was slid 
gently to one side in such a manner as to avoid causing disturb- 
ance of the gases within the tuW. The method of recording the 
tim^ of fusion of the screen-wire?, and the general mode of pro- 
Icedure for similar esperiinents. are described in T., 1914, 105 , 2609, 
As anticipated, the ?j)ee<ls at which the flames travelled down- 
wards were, with all the mixtures employe<l, uniform over a con- 
siderable distance from the point of ignition. A vibratory move- 
ment began, in gener.al, soinewliat earlier than during horizontal 
propagation in a tuW of the same diameter, but with no mixture 
the distance travelled by the flame at a uniform speed less 
Ulan 100 cm., and with tliose containing the lower percentages of 
inetliaiie it sometimes exceeded 200 cm. 
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As regards the magnitudes of the speeds, however, our expecta- 
tion (h2e.d on the assumption that the propagation of fl^e during 
the uniform movement in a horizontal tube of mall dieter is 
mainly by conduction of heat) was falsiBed. In Fig. 1 the results 
obtained for downward propagation of flame are record^ as a 
speed-percentage curve for companson with the curve for the 
u^rm movement in a horizontal tube of the same diameter. 


Fio. 1. 



Both curves are of the same type, but the speeds of the flami 

during the initial stage of downward propagation 

whole range of inflan.mahle mixtures, hut twcrthirds the speed* 

duriiiy the miiform movement. 

PreMimablv, then, the t ransferein-e of heat by convec 1 ) 
a eonsidcral.le part in aiding the propagaUon of 
(horizontal) iiniiorm movement even m fairly narrow ^ 
being so. it seemed ,,robal.le that, contrary to our rst ass n Jr 
the si-ecd of propagation of flame upwards would be not. . 
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any, faster than during horizontal propagation, unless further 
benefit from convection currents is obtained during the former 
conditions. 

Measurements of the speeds during the upward propagation of 
Jame were not easily made by the method of screen-wires except 
at or near the limits of inflammability. Over most of the range 
of inflammable mixtures the flames sometimes Ijegan to vibrate 
violently within 50 or 60 can. of the open end of the tulje. From 
the moment of ignition, however, the flames, even those that 
travelled fastest, seemed to move at uniform, or but slightly 
accelerating, speecis. Attempts were therefore made to measure 
these speeds, the first screen-wire being placed 10 can. from the 
point of ignition and the succeeding wires at distances of 25 cm. 
from each other. The results were rather irregular. The speed of 
the flame between the first and second screen-wires was sometimes 
enhanced by the impetus given by the .source of ignition, a distance 
of travel of 10 cm. being barely suflicient to allow thi.s impetus to 
die away, and a vibratoiy inoveineiit often began at or before the 
third screen-wire. However, the measurements were consistent 
enough to show that over the comparatively short period during 
which the speed of the flame travelling upwards could be regarded 
as constant, that speed, for any mixture of methane and air, was 
licit greater than during the uniform movement in a horizontal 
tube; it was sometimes less. 

The results are iiiserted in Fig, 1 as approximate points marked 
by circles. With the mixtures near the limits of inflammability, 
inch as those containing 5'!.5, O'.ju. and 13-4 per cent, of methane, 
the flames travelled over a distance of 200 — 300 cm. at uniform 
speeds which could lie determiner] accurately, and were distinctly 
slower than those of the uniform movement in corres]K)nding 
mi.xtnres in a horizontal tube. 

To confirm the.se results, two series oi determinations of speetls 
of flames in a number of mixtures of methane and air were made 
by photographing oii a rapidly revolving fdm the illumination of 
a quartz window in a br.ass tulK* 5 cm. in diameter, along which 
the flames travelled, (1) horizontally, and (2) vertically upwards 
(see this vol., p .37). As thus measured, the sikmxIs over the whole 
range of mixtures were from .3 to .5 cm. per second less when the 
flames travelled upwards than when they travelled harizontally. 
Probably this slight ilitTercnce in the speeds arises from the differ- 
ence there is in the sha])o of the flame-froni, ; when travelling 
Imrizoiilally the flame-front b.as an elliptical crosssection (see T., 
1914, 105 , 2t'09. Fig. 2). whereas when travelling upwards it is 
circular, so that in a IuIh- of given diameter the circumference of 

X z* 2 
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the flame-front relative to ite area is greater with an upward- 
than with a horizontally -moving flame, and the oooling efiecb of 
the walls of the tube is correspondingly greater. Since with flames 
travelling horizontally the length of the major axis of the elliptical 
flame-front is at its maximum with mixtures near the limits of 
inflammability, the maximum difference in speed between upward- 
and horizontally-moving flames in a tube of given diameter should 
be found with such mixtures. This is so. 

' Diagrammatic representations of the complete progress of the 

flames travelling in a 10 
I'm. 2. pj]. pent. mixture of 

methane and air from end 
to end (240 cm.) of the 
brass tube with a quartz 
window are given in Pig, 2. 
These diagrams have beei 
reduced in size from 
tracings taken from the 
actual photographs, which 
measured 60 x 40 cm,, and 
were obtained in the 
manner described in Part I 
of this research. For the 
purpose of comparison, the 
flames should be regarded 
as travelling from right to 
left of the diagram and the 
photographic film as moving 
vertically upwards; actu- 
ally, the flame was moving 
vertically upwards for .4, 
vertically downwards for S, 
and horizontally forC. The 
last-named is a tracing 
of the photograph repro- 
duced as Fig. 1, Plate I, on p. 66 of this volume. The rate of 
revolution of” the film was not the same for each set of photograph, 
so that direct comparison of the speeds of the flames caimot be 
made from the diagrams, which, however, show clearly 
general behaviour of a flame travelling from the opren to the dosed 
end of a tube is not ilepcndcnt on the po.sition of the tube. 

We have already commented on the irregularity of some o M ' 
results obtaincel when attempting to measure the initial speeds o 
the flames by the screen-wire method .luring upward propagation- 



240 200 too 

Distance along the tube, measured 
from point of ignition. Cm. 
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Tke reason for the irregularity under such conditions of experiment 
beoame apparent when the movement of the flame® was photo- 
graphed. For it was found that with mixtures containing 
between 9'0 and ll’O per cent, of methane the flames were very 
sensitive to the effect of resonance of the tube, and could acquire 
either of two speeds (but not speeds intermediate between the two). 

If resonance was set up in the usual way, by the movement of the 
flame along the tube, the speed of the flame was normal, but if 
by some action on the part of the experimenter the tube was 
caused to resonate at, or very shortly after, the moment of ignition, 
the mean speed of the flame was 20 cm. per second slower than 
normal. It has already been observed, and is, in fact, apparent 
from the photographs and diagrams, that the incidence of resonance 
retards the general forward movement of the flame until such time 
as a certain degree of turbulence is imparted to the mixture. 

This retarding effect is well illustrated by the photographs 
reproduced in the Plate, which show the progress of the flame in a 
9'7 per cent. mi.xture of methane and air in the brass tube over 
the distance 25 — 55 cm. from the point of ignition, (d) when the 
tube was resonating, and (Ji) when it was not. The photographs 
were taken within a few minutes of each other on the same film, 
which was revolving at the same speed in each instance. 

Further information as to the difference in character between 
the two flames was obtained from photographs showing the shape 
of the ilame-front (see Plate). A quartz tul^e, 5 cm. in diameter, 
was fixed vertically and covered with black paper except for a 
slit, 2*5 nun. broad, at right angles to the axis of the tube and 
il5 cm. from the open end (the lower end), at which ignition was 
effected, Flames travelling up the tube, in a mixture containing 
S 3 per cent, of methane, were photographed, as they passed the 
slit, on a film which also travelled upwards. As each portion of 
the flamo-front appeared at the slit it thus photographed on a 
fresh j>ortion of the film and its shape was recorded. The arrang©- 
merit of the quartz lens used to focus the slit on the photographic 
filra was sucjh that an image ono-quarter the size of the object was 
obtained ; the s{>eed of the film was therefore regulated to be as 
nearly as possible oue^uajter that of the flames, so as to preserve 
thedr relative proportions. It will be seen that in C, when the 
tube was resonating, the undulations of the flame-front are well 
defined and it is uusyiametrical ; in D, when the tube was not 
resonating, the flame-frout is quite symmetrical 
The important point to have eetAblished is that a phase in the 
propagation of flame during which the speed is uniform is obt^ned 
when the flame travels from the open to the closed end of a tube, 
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whether tlie direction of travel is horizontal, vertically upwards, or 
vertically downwards, and that this uniform speed for any given 
mixture is slowest during downward propagation. This means 
that it is not permissible to regard the “ uniform movement '* (that 
is to say, the phase of uniform speed of flame during horizontal 
propagation) as representing “la vitesse normale de propagation 
de la flamme par conductibilite.” If propagation of flame solely 
by conduction of heat obtains at all, our experiments sho'^ that it 
is most likely to occur when the flame travels downwards, the effect 
of convection currents being assumed then to be negligible. 

When travelling downwards in a glass tube 5 cm. in diameter, 
the flame-front during the periotl of uniform speed of propagation 
of flame is, with all mixtures of methane and air, a steady, or but 
gently undulating, disk. There is no suspicion of turbulence such 
as makes its apjoearance with the more rapid flames when they 
travel horizontally in such a tube. It seemed possible, therefore, 
that, if convection currents do not materially assist the flame in 
its propagation downwards, a considerable increase in the diameter 
of the tube down which the flames travel could be n\wle without 
their speeds being augmented. On trial, however, using a metal 
tube 23 cm. in diameter and 7 m. long, it was found that with 
mixtures containing more than 7 and le6.s than 12 per cent, of 
methane the speeds of the flames were considerably greater than 
in a glass tube 5 cm. in diameter, as the curve in dotted line in 
Fig. 1 shows. With the mixtures containing between 9 and 11 
per cent, of methane, the ratio between the speed of the flame 
and the diameter of the lube was nearly the same as when the 
flame.-=! travel horizontally (see Fig. 3, T.. 1917, 111. 1052). How- 
ever it may l>e <lurin!^ (he downw’ard propagation of flame in 
mixtures containing less than 7 or more than 12 per cent, of 
methane, it is obvious, therefore, that something other than con- 
duction of heat is res)>onitil>le f«>r the development of the more 
rapidly moving flames in the tuW of larger diameter. The 
enhanced 8|>eoib of (he flanuv as they travel downwards in the 
larger tube are no doubt due to turbulence of the flamefronti 
engendered bv eonvcN-lion or e<Idy currents. 

We can. then, fullv endor>e Schloesing and de Mondesir's state 
nient that the imrinal proi)agatiou of flame is rarely observed 
when th« word ' normal” is taken to imply “bv conduction of 
heat.’’ Tt is highly abnormal that such a motle of heat trails 
ference shouM alone l>e o]>erative during the propagation of flame 
In so far, therefore, as the term “ uniform movement” of 
has t)een held to U* the normal prupiigation of flame by conduction 
of heat, it ought to l>e discarded. The term is, however, a useful 
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one, and fittingly deetrribes a nhaw in tlnv 

(obtainable under a variety nf ^ ?? , P^P^g^^ion of flame 


Fro. 3. 



.'rL ■' "" 'vhy .t should 

IT r ■ ™"''<‘"'<“nt to do so 

“der tbe^e cond.taona, the tula- ... which the tla.ne travels 


1236 MASOK AND WHEELER: THE PROPAGATION OP 


beoomea a chimney/’ and there ia added to the speed of a flame 
travelling up the tube the speed of the draught produced by the 
chimney. In addition, the mechanical effect of this draught in 
promoting turbulence of the mixture probably augments the speed 
of the flame. Flame does not pass downwards if the mixture is 
ignited at the top of the tube, but continues to burn at the mouth 
until the whole of the mixture has been drawn up. 


Fiq. 4. 



In Fig. 3 are shown time-distance curves for the proi)agalion 
of flame upwards in several mixtures of methane and air in a 
vertical glass tul>e 5 cm. in diameter and 5 m. long, open at totli 
ends. These curves should be compared with those obtained wlien 
the tube was horiisontal (Fig. 1, this vol., p. 4‘2). The character 
of both sets of curves is similar, and indicates a gradual and regular 
acceleration of speed as the flame travels from end to end of the 
tube. This acceleration occurs with the lower-limit mixtiire 
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per cent, of methane) when the flame travels upwards, a result 
which displays clearly the chimney effect of the tube, for the speed 
of the flame in the lower-limit mixture is quite uniform when it 
travels horizontally, 

The speeds of the flames at all stag^ of their propagation are 
considerably faster during upward than during horizontal propa- 
gation, for the reasons already given. Fig, 4 records the mean 
Speeds over measured distances for the whole range of inflammable 
mixtures: (^) for the distance 50 — 100 cm. measured from the 
first screen-wire, whidi was 10 cm. from the point of ignition, and 
(jS) for the distance 200 — 300 cm. A curve (C') showing the mean 
speed over the distance 50- -100 cm. during horizontal propagation 
in the same tube is given for comparison. 

Curve B presents a characteristic novel to these investigations 
on the propagation of flame in mixtures of methane and air, 
inasmuch as the maximum ^j)ecd of flame is found, not, as is usual, 
srith mixtures containing between 9 5 and 10-5 per cent, of 
methane, but with those containing about 12 per cent This 
result, which is, of course, due to the chimney effect of the tube, 
is probably quite adventitious; with the particular diameter and 
length of tube employed, the chimney effect, assumed a maximum 
with mixtures containing about 12 per cent, of methane, perhaps 
by reason of the composition of the products of combustion of 
those mixtures. 

III. Ignition at the Closed End- oj a Vertical Tithe- Open at the 
ether End -. — When the mi.xture is igniteil at the closed end of a 
tube open at the other end, the po>ition of the tube does not affect 
the results. The ret^ults obtainwl when the tul)e is horizontal have 
been described in Part I. 


Part III. — Tue Propagation* of Frame is Ccrrests of 
Mixtures or Metuase and Air. 

The object of these experiments was; (i) to determine whether 
the fact that the gases were moving as a current would simply 
add to the speed of the flame the speed of that current, or whether 
an effect of turbiileiioo would l)e introduced, and (ii) to see if a 
Fmaller quantity of methane than that which forms the lower- 
limit mixture (5'4 per cent, for horizontal or upward propagation 
of flame) in a still atmosphere would be caj)able of conveying^ flame 
from one place to another if ihe mixture itaelf were moving. 

(i) The experiments with a vertical tul'>e open at both ends, 
d(‘scril>ed in Part IT of this research, had shown that the speed of 
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the current, induced in such a tube, acting as a chimney, was added 
to the speed of a flame travelling upwards in it, and it was assumed 
that turbulence caused by the current further increased the speed 
of the flame, though no proof of this could be given, since the 
velocity of the current was indeterminate. 

A tube 2-5 cm, in diameter and 220 cm. long was fixed horf. 
zontally and connected by rubber tubing to a large metal gas- 
holder, a short brass tube with a disk of metal gauze at either end 
beinv interposed to prevent flame travelling back into the holder. 
Streams of a mixture of methane and air could be caused to pass 
at different speeds along the tube, both ends of which were open, 
by varying the counter-weights on the hell of the holder and open- 
inv the wide-hore metal tap thereon to its full extent. The 
mixtures were ignited ekctrically at a point 26 cm. from the 
connexion to the brass tulie, and the speeds of the flames were 
measured by means of sereen-wircs, the first screen-wire being 
50 cm. from the point of ignition. 

A mixture containing 6-35 per cent, of methane was used, as 
beinv one in which the speed of flame in a still atmosphere under 
the TOuditions of the experiments would not be excessive in com- 
parison with that of the currents that could be produced. The 
results, giving the mean sjieeds of the flames over 100 cm., were 
as follow : 


Spe«d of current. 
CYn. per second. 
Xil 
23 
43 
75 


Speed of fliune. 
(Yn. per second. 
287 
682 
952 
1527 


Difference. 
Cm. per second. 
287 
559 
909 
1452 


It is thus apjKireiit that the major effect of the current is that 
of turbulence. The fact that such a comparatively gentle move 
nient of the mixture as is represented by a speed of 23 cm. per 
second should nearly double the speesl of the flame is very stnking 
and emphasises the important part that convection currents mud 

play in the transmission of flame. 

(iit When a homogeneous mixture of methane and air 
containing between 4 and 5 per cent, of methane is caus^ to 
travel slowly over a .small flame, such as t^at of a candle, flatos 
of flame of burning methane are prodiioeil which fol ow the di 
tion of the current., and may extend for a considerable distance- 
a disUnce greater than the length of the ''cap ” 
similar mixture around such a flame iii a still 
flares of burning methane may even Wome d^hed 
source of heat around which they form and fl^t away fo 
disUnce in the stream of mixture (T., 1914, 106 , 259 ). 
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We had alse obUined evidence that if a aufficient degree 
of turbulence .a produced i„ a closed veeael, by means of a ralw 
revolvmg fan, rn a mixture of methane and Jr containing not ij 
than 5 0 per cent, of methane, flame will travel throughout Z 
mixture, following the current induced by the fan (T. 19U 105 
2595). Since the effect of causing a mixture of methane and air 
to ravel along a tube at a fairly slow speed is to impart turbulent 

IS rfment greatly to increase the speed of propagation of flame 

’“oSbfe' thItTb I*" “-"bustion of) the miLre, it seemed 

probable that the lower limit of inflammability, which is partly 

tow sleam r "'ight be 1 Jwith 

a s tow stoeam of methane and air than with a quiescent mixture 

just as the lower limit is less for upward propagation of flam^ 

(5 4 Pe*' when the combustion is aided by convection 

currents, than for downward (60 ])er cent) 

A horizonUl glass tube 5 cm. in diameter and 320 cm. long was 
used for the experiments, which were oouducted in a similar manner 
to those a ready described. The point of ignition was 17 cm from 
the brass tube connecting the glas.s tulie to the gas-holder and the 
first screen-wire was 35 cm. from the point of ignition The 
experunents were as follow : 

{a) CH 5-15 per rent Speed of current. 65 cm. per second. 
A flame, about .-o cm. long, travelled the whole length of the 
tube occupying the upper half of it. The speed of'the flame 
increased gradually over the last 200 cm. from 75 to 85 cm per 
«€00nd. ■ ^ 


{h) CH„ 5-10 per eent.-Speed of current. 65 cm. per second 
Observations^ as in previous experiment, the speed of the flame 
being about 70 cm. per second throughout. 

(r) CH„ 5-05 per cent.- -Speed of current. 65 cm. per second 
A more powerful secondary discharge had to be used to ignite this 
mixture. The flame produced was only 1-2 cm. lone, but it 
travelled the whole length of the tulie at a speed of 65 ’cm per 
second-that is to say, at the speed of the current of mixture, 

(d) CH,. 5 02 per cfnt.— The intense "flaming'’ discharge 
obUiued when a Wehnelt eleetrolvtie interrupter is used in the 
pnmary eircuit of an induction coil had to be used to ignite this 
mixture. When ignited, a sin.-ill flame travelled throughout the 
” j'*' eurreiit of mixture, namely, 

■^0, and 35 cm. [wr second in successive trials. With a faster 

I"'’’ ^^nd) or a slower speed 
n 30 cm. per seeoudl. the flame travelled from 200 to 250 cm 
sna then died out. 
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(e) CH^, 5-00 ftr ce»«.— With no speed of ourrent would flame 
travel more than about 50 cm. from the point of ignition. This 
was so whether the Wehnelt discharge used to ignite the mixture 
was maintained or passed momentarily. 

Experiments {d) and (e) were repeated many times, with the 
same results; a mixture contaiuing 5'02 or 5'03 per cent, of 
methane does not enable flame to travel in it when it is at rest, 
but when it is moving as a current along a tube, flame ^travels in 
it at the speed of the current. A mixture containing 5*00 per 
cent, of methane could not be caused to propagate flame under the 
conditions of the experiments. Mi.vtures containing 4 95, 4'90, or 
4-85 per cent, of methane gave flares of flame extending a few 
cm. only along the tube. 

The scale on which these experiments were conducted is perhaps 
scaroely sufficient to warrant the conclusion that flame would he 
carried indefinitely in a homogeneous mixture containing 5-02 per 
cent, of methane, along the roadway of a mine, for example, so 
long as a current of from 35 to 65 cm. per second was maintained. 
The general character of the experiments, however, pointed to a 
sharp distinction between a mixture (5'00 per cent, methane) 
obviously incapable of maintaining a flame apart from the source 
of heat which originated it. and one (5 02 per cent, methane) in 
which flame was maintained after the igniting source bad been 
withdrawn. The flame would travel along the roof of the roadway, 

The concluding parte of this research will deal generally with 
the effects of turbulence on the propagatimi of flame in mi.xtures 
of methane and air, as produceil by the passage of the mixturw 
as currents along a tul>e or gallery, and as induced locally by tli« 
presence of restrictions in the gallery. 

Home Office ExFFunrENTAL Station, 

Eskmeala, Ccmbkoland. [Heccmrf. Augu ^ 2 \ st , 1920 ] 
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CXXXIV .— Oxidising Properties of Sulphur 
Dioxide, Part JI, Iron Phosphates* 

By William Wardlaw, Sidney Raymond Carter, and 
Francis Hekbert Clews. 

The objcKjti of the experiments described in tbe present communb 
cation was to determine whether the oxidising action of sulphur 
dioxide exhibited in concentrated hydrochloric acid solution 
(Wardlaw and Clews, this vol., p. 1093) was restricted to this acid 
or was operative in other acid solutions. Phosphoric acid waa 
selected on account of its non-volatility, and its consequent 
suitability for quantitative measuremenla. 


Expeuimbktal. 

Bx^riment vnfh Ferrous Vhosphate Sohtim. 

Solutions of ferrous pho.'phate were prepared by dissolving iron 
ill phosphoric acid (Krlenmeyer, AnnaJen, 1878, 194, 182) and 
treating with sulphur dioxide. Essentially, therefore, the method 
of procedure was practically identical with that previously 
employed for the investigation of ferrous chloride reactions {loc. 
cit.). As illustrative of the metho<l used, the following details 
of the first experiment may 1 k> given. 

One gram of pure iron was disKSoIved in 50 c.c. of phosphoric 
acid (D 1‘75, 89 per cent. H;^PO,) contained in a closed flask, a 
stream of carbon dioxide being continually passed through the 
apparatus. A colourless solution of ferrous phosphate was thus 
obtained. The evolution of hydrogen having ceased, sulphur 
dio.xide was passed through the solution at 115'^. After about 
ten minutes, a faint niilkiness was seen in the neck of the flask, 
and in tbe course of time, particles of sulphur appeared. The 
solution remained colourless throughout. After the sulphur 
dioxide had pa.s.^ed for four hours, the gas was r^noved from the 
solution by the passage of carbon dioxide. The ferrous and total 
iron were determined by titration wdth pobasaiuin dichromato 
solution. The first experiment showed that 8‘1 per cent, of ferric 
phosphate had been formed under the conditions mentioned. In 
view of the extreme susoeptibilitv of ferrous phosphate to atmo- 
spheric oxidation (Erlenmever, loc. cit.), the oxidation by sulphur 
dioxide was not unexpected. 
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Experiments with Ferric Phosphate Solutions. 

To determine whether sulphur dioxide had any reducing action 
on ferric phosphate, 3 grams of ferric phosphate were dissolved in 
50 ao. of glacial phosphorio acid, and sulphur dioxide was passed 
through the solution, maintained at 115°, for three hours, Oj 
analysing the solution, no ferrous iron could be detected. Further 
experiments on similar lines gave no evidence of reduction of the 
ferric phosphate. This result seems to agree with the well-known 
stability of ferric phosphate in the reducing blowpipe flame. A 
borax bead containing ferric iron is readily reduced, whereas a 
ferric miorocosmic bead is reduced with difficulty. 


Experiments with Ferrous-ferric Phosphate Solutions. 

The object of these experiments was to determine whether the 
prolonged action of sulphur dioxide on ferrous phosphate would 
result in complete oxidation to the ferric state. The mixtures 
were made by dissolving iron in phosphoric acid, excluding air 
during the process, and adding a solution of ferric phosphate in 
concentrated phosphoric acid. 


Concentration of iron; approximately 1 gram per 50 c.c, of 
solution. 

Duration of experiments: fo\ir hours. 



Table I. 

1 

Table II. 

Tempera! 

ure, 115°. 

Temperature, 150°. 

Ferric iron. 


' Ferric iron. 


Per cent. 


Per cent. 




Sulphur 









Sulphur 

Initial. 

Final. 

deposit. 

' Initial. 

Final. 

deposit. 

0-0 

8-1 

Heavy. 

i 432 

4.‘5-7 

Moderate. 

12-5 

15-7 

Mcnlcratc. 

: 57-1 

00-5 

Moderate. 

21-9 

24-7 

Moderate. 

' 63-4 

6.V2 

Light. 

250 

28-0 

Moderate. 

> 72-0 

74-2 

Light. 

39-7 

— 

Wry liglrt. 

; 79-1 

79-9 

Just noticeable. 

55-7 

56-9 

Just noticeable. 

1 100-0 

lOO-O 

None. 

100-0 

100-0 

None. 





The presence of the great excess of phosphoric acid tended to 
make the titration somewhat diflicult, but the character of the 
sulphur deposit servc<l a.s a good indication of the progress of 
oxidation, especially in those cases where it occurred only to a 
slight extent. 

Comparison of the results obtainerl at the two temiJeratures 
suggests ‘.hat ferrous phosphate would be completely oxidised to 
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the ferrio state, but that at the temperatures used in these experi- 
ments the velocity of reaction is becoming slow, with increasing 
proportion of ferric salt. Hence during the four hours very little 
oxidation is detected with the higher proportions of ferrio iron. 

Limit of Oxidation of Ferrons Pho&j)hate. 

Experiments to determine the limit of oxidation were carried 
out in A special apparatus primarily designed for obtaining the 
velocity of reaction. The reaction vessel consisted of a wide- 
necked flask of about 600 c.c. capacity fitted with a rubber stopper, 
through which passed the bearing for a stirrer, a syphon sampling- 
tube made of capillary tube of fairly wide bore, an inlet tube 
for the sulphur dioxide, and a water-cooled exit tube. The syphon 
sampling-tube was connected with a water-cooled 10 c.c. burette, 
which in turn was connected with a suction pump. The stirrer 
was fitted with a mercury seal and closed at the end, so that 
sulphur dioxide could be maintained at a slight pressure in the 
flask without leakage. A simple device was used to control the 
pressure of sulphur dioxide iu the flask. The gas issuing from a 
sulphur dioxide syphon was divided by a T-picce, one arm being 
conuected with the reaction flask and the other connected with a 
gauge-tube containing concentrated sulphuric acid. By allowing 
the sulphur dioxide to bubble very slowly through the sulphuric 
acid, the pressure in the reaction flask was maijitained at a value 
greater than atmospheric, the excess pressure being proportional 
to the height of the sulphuric acid column. 

Uethod of Frocedure.—lo 2.50 c.c. of phosphoric acid contained 
in the flask was adde<l a definite weiglit of pure iron. A current 
of carbon dioxide was then parsed through the apparatus, and, on 
warming, the iron dissolved. When solution was complete, the 
temperature of the thermostat was adjuste<I to 150*^, and the 
stream of carbon dioxide replaced by one of sulphur dioxide. By 
closing the exit tube, the pressure of sulphur dioxide was adjusted. 
Samples of solution were periodically drawn olT into the burette, 
allowed to cool to the ordinary temperature, the volume adjusted, 
and run into a flask filled with carbon dioxide. The solution was 
then diluted with 30 per oent. phosphoric acid, and the sulphur 
dioxide driven off. The volume was made up to 100 c.c. and 
titrated with .V/ 20-pot assiiuu |>erniaiiganate. The litre was 
assumed to be proportional to the concentration of ferrous iron 
in the reaction flask at the moment of sampling. 

From experiraeiiU conducted iu this way, a constant ferric 
content was found to be celablishe'l at the end of from two to 
three days, and the following were the results obtained : 
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(a) At a concentration of 7-35 grams of iron per 260 o.c. of 
phosphoric acid, the mixture contained 36 per cent, of ferric iron. 

(b) At a concentration of 3-65 grams per 250 o.o., the mixture 
confined 45 per cent, of ferric iron. 

These results differ distinctly from those obtained from the 
synthetic mixtures of ferrous and ferric phosphates. This differ- 
ence might conceivably be due to the sulphur formed in the solu- 
tions containing initially only ferrous phosphate, which is absent 
in the case of the synthetic mixtures. Experiments with synthetic 
mixtures of ferrous and ferric phosphates to which had been added 
finelv divided or colloidal sulphur showed that this had no observ- 
able effect on the degree of oxidation by sulphur dioxide. In 
addition, sulphur was found to have no appreciable reducing 
power on ferrio pbospbate in concentrated phospboric acid solution. 

Maquenne (fluff. Soc. chim., 1890, [iii], 3, 401) has shown that 
aqueous solutions of phosphorous acid are oxidised by sulphur 
dioxide completely to phosphoric add (compare also Wohler, 
Annalen, 1841, 39, 252, and Cavarzi, Gazzetta, 1886, 16, 169). 
The possibility of the reaction 

2 H 3 P 03 ^-S 0 .,= 2 H 3 P 0 ^-^S 

being reversible was not overlooked, but experiments did not 
confirm this conjecture. 

Vdocity and Ordtr of Experiments made with the 

apparatus described above with a view to determine the rate and 
order of reaction gave no very definite results, probably owing to 
the disturbing action of sulphur. 

Limiting Concentration of I'hosphoric Add . — This has been 
determined between narrow limits for ferrous phoephate at 100°. 
The procedure followed was similar to that used iu the case of 
hydrochlorio add solutions (Wardlaw and Clews, this vol., p. lOaf). 
One gram of iron was dissolved in 50 ac. of phosphoric add of 
different concentrations, the values for which were obtained by 
measuring the siJecific gravity of the phosphoric add and calcu- 
lating the concentrations from the tables (Hager, “ Kommentar ziir 
Pharmaoopba Germanica''; Gmelin-Kraut’s “ Handbuch,” Vol. I, 
PC 3). The results are .shown iu table III. 

A gravimetric estimation was made on the solution in expt. 0 
according to Flnkener's method (/frr., 1878, 11, 1640), and it 
was shown to contain 400-7 grains of phosphoric acid per litre, 
whilst 32'83 per cent, phosphoric add (expt. 6) contains 39i f 
grams per litre. A^iimiiig the iron to be in combination as 
FefHjPO,); (Brlenmeyer, loc. dt.), the free acid in 1 litre of tke 
ferrou.s phosphate solution was 400 (— 68'6 = 332-l grams. 
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Table III. 

Concenbration of iron : 1 gram per 50 c.c. 

Temperature: 100'^. 

puration of experiments: four hours. 


Experiment : 
Concentration of H 8 PO 4 , 

per 

2 . 

3. 

4. 

cent 

76-27 

45-93 

40-87 

3717 

Oxidation, per cent 

21 

1-3 

1-0 



Observations 


sulphur. 

sulphur. 

sulphur. 

Experiment : 
Concentration of HjPO*, 

5. 

por 

6 . 

.7. 

S. 

cent 

34-38 

32-83 

31-80 

20-02 

Oxidation, per cent 



— 



Observations 

amounts. 

Very 

minute 

deposit. 

No 

deposit. 

No 

deposit. 


16 is concluded, therefore, that oxidation of ferrous phosphate 
by sulphur dioxide is just perceptible in a solution containing 
3321 grams of *' froe " phosphoric acid per litre at 100*^. 


DiH‘us$io)i of Results. 

Tho reactions of sulphur dioxide with iron phosphates in the 
presence of concentrated phosphoric acid differ in several ways 
from those with iron chlorides in concentrated hydrochloric acid 
solution, In tl)e first place, there is no evidence that sulphur 
dioxide can act as a reducing afrent in the presence of concentrated 
phosphoric acid, for ferric phosphate, unlike ferric chloride, in 
iho ])reHence of the corresponding concentrated acid, is not affected 
bv the action of sulphur dioxide. The reaction between sulphur 
dioxide and iron pliosphates in concentrated phosphoric acid solu- 
tion is therefore solely one of oxidation, and may l)e expressed 
bv the equation 

4Fe(H.POi)., + 4 1 J.VO, ^ SO. 4 Fo(ir.P04)s-f ^ S. 

The question now arise.' a? to wlicfhcr the reaction is a reversible 
Mie, like the corresponding forrons chloride reaction, or whether 
it proceeds to compVtion. The fact that mixed ferrous-ferric 
phosphate solutions gave evidence of oxidation with relatively 
large percentages of ferric .salt rather seems to indicate that the 
reaction would ultimately prcnreeil to eoiiipdelion. Tliis idea also 
reeiiis to l>e supporteil by tho non retiucil'ilitv of ferric phosphate 
W sulphur. Against this conception, however, must l>e placed the 
limited yield of ferric salt from an initiallv pure ferrous phosphate 
solution and the favo«ral>le inlluenoe of the concentrated phos- 
phoric acid on the oxidation. Both these facte would be deduced’ 
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from the law of mass action if applied to the above equation, 
taking it as representing a reversible reaction. Undoubtedly, the 
compUcating feature in the reaction is the formation of the stable 
complex compound which ferric phosphate is known to form with 
phosphoric acid. This would account for the greater yield of ferric 
salt from a pure ferrous phosphate solution than from a pure 
ferrous chloride solution, owing to the fact that the ferric salt 
formed would be removed from the reaction in the fopn of the 
stable complex compound, and hence favour the degree of oxida- 
tion. This fonnation of the complex salt may also account for 
the non-reducibility of the ferric phosphate in concentrated 
phosphoric acid solution by the action of sulphur. It is quite 
conceivable that sulphur may reduce ferric phosphate when not in 
the form of the complex compound. Such conditions are probably 
present when sulphur dioxide is passed into a pure ferrous phos- 
phate solution. The sulphur liberated is in a very active state 
and may react with the ferric phosphate generated before it is 
taken up in the form of the complex. A consideration of these 
factors incline the authors to the idea that the reaction of sulphur 
dioxide with ferrous phosphate is a reversible one similar to that 
of sulphur dioxide with ferrous chloride in the presence of their 
correaponding com^ntrated acids, but that it is modified in the 
case of the ferrous phosphate by the formation of the complex 
stable comiiound which ferric phosphate forms with phosphoric 


ttCAU, VI • 

The facts that sulphur dioxide reiluces most readily in a very 
dilute acid meiUum, and that it oxidises most readily in a strong 
acid merlium, mav be. correlated if o.xidation and reduction are 
explained on an ionic basis, oxidation liciiig represented by tie 
surrender of positive charges and re-luction by the transference of 
negative charges. 

Sulphur dioxide in aqueous solution is generally regarded as i 
moderately weak acid ionising principally into H', HSO3 and 
SO. " ions. It is in this condition that it reacts as a rcducin! 


a<^ent. Thus : 

2Fe" + SO 3 " T IIoO = 2Fe" + SO/ + 211’. 

In slroncly acid solution containing a large number of hydrions, 
the coneJ^ntration of SO/ ions will lie reiluced. and, 
assumption, its power of reilucing should be diminished. This n 
in accordance with experimental results. 

Now let it loe assumed that sulphur dioxide is capable of mm 
to an extremely minute extent as a base, 
ingly minute amount of sulphur ions. It has been ■ 

‘the sulphoxides, the organic analogues of sulphur dioxi , 
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b^Lsic properties (Fromm and Raiziss, Annale% 1910, 374 , 90; 
FroDiHi, ibid., 1913, 396 , 75). This tendency will be all the 
greater the larger the number of hydrions present in solution. 
Thus: 

HjO 

so, :;:t os(oh )3 so"+ 2 (oh)', 

IftO 

so":^1;s“-+2(OH)'. 

In view of the large number of hydrions present in the solution, 
the oonoenlration of hydroxyl ions would be reduced to a very 
low value and the reaction towards the right favoured. Oxidation 
is now represented : 

S"" + 4Fe"-> 4Fe"'+S. 

It oxidation tabes place due to the ion SO", 

2SO" + 4Fe" 4Fe" + 2SO, 

2S0 + H,0->H2S,05. 

which represents an intermediate stage in the reduction of sulphur 
dioxide to sulphur. Thiosulphuric acid would break up into 
sulphur dioxide and sulphur. It may he observed that the latter 
hypothesi.s is in many respects a re-statement of the thionyl 
chloride hypothesis (Wardlaw and Clews, this vol., p. IIO,?) applied 
ionically and more generally. 

The oxidising properties of arsenic acid, nranyl chloride, per- 
manganic acid, and chromic acids have been explained by Stieglitz 
("Qualitative Chemical Analysis,’’ 'Vol. I, p. 282 €t seg.) on 
j similar assumption. 

There appears to he room for investigation of these reactions 
from the point of view of electrical potentials when some of the 
assumptions made in the alx>ve could be tested, and it is hoped 
that experiments now in j'rogress may throw some further light 
on this hypotheeis. 

CsEMisray Depabt.ment, 

The Univeksity, Bikmixciham. [ Rtaircd , Avgtut 2 Wi , 1920.] 
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OXXXV.— r/ic Alcohols of the, Hydroaromatic and 
Terpene Seiies. Part III* isoPulegol. 

By Robert Howson Pickard, Harold Hunter, William 
Lewcock, and Hannah Smith de Pennington. 

Tiemann and Schmidt (Ber., 1896, 29, 914) obtained the alcohel 
tsopulegol (II) by the hydrolysis of the condensation product of 
aoetio anhydride and oitronellaldehydo (I). The prodnct was so 
named to distinguish it from the yet unknown isomeric secondary 
alcohol, which would correspond with the ketone, pulegone (III). 

CHMcC^^^-^ifd^CII.CMeiCH. 

(I) 

' (11.) (in.) 

Samples of citronellaldehyde often vary considerably in optical 
dextrorotatory power, and probably contain the compound, 
CMc..:Cll-CIL-CH.yCnMe-CH2'CH0, 
as well a.s that of formula I (see, infer nlia, Prins, Chm. 
WeckhUuL 1917, 14, 099). 

Our proparat ion.s of i.-ri|ni!ejol from the same sample of aldehyde 
([a]l; +11'6^) by the method dc.^eriled by Tiemann and Schmidt, 
or by the modi'llcations of th.a same proposed by Semmler {Brr., 
1909, 42, 2014) and bv Wegseheider and Spath {Monntsh., 1910, 
30, 825), gave f.--upnlegol of rotatory power [ 0 ]^, ±'2='. In no case, 
however, did thc.se prodiict.s yield, alter oxidation with chromic 
acid, any ketone forming -a bisnitroeo-derivativo so characteristic 
of pulegone and similar a0-un:iaturated ketones (compare Baeyer 
and llebirieh, /br, 189.'). 28. 65 1). During the TOuden.satioii, ami 
due to the lonnatir.n of the e//.','olie.xaue ring, two additional carbon 
atoms become asymmetrical, so ll'.at four stereoisomeric paiis of 
de.xtro- and larvnrotatorv roinpounds of the formula ascriV.od acorc 
to nmpulegol are theoretically po.cs.ble. The nomenclature for 
isomeridea proposed l>v Aschan, and u-e<l in I art H for t e 
menthols, is inconvenient here, as it would necessitate the ase M 
the prefix fso- twine over, so the f.mpulegols may 1* heie =imp) 
descrilied as Aopiilegol, a-, B-. ami y-bopulegols, a.s it is not ye 
possible to iletennine the configurations of the reeperdive isomcndes 

A detailed investigation of the mixtures of bripulego s, oi a 
• Part I., T.. 1907, 9t. 1973, Part 11., T., 1912, 101, h®' 
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from the condensation of dextrorotatory citroiielialdebyde, lias now 
ghown that two (and probably not more) of the four possible* 
isomerides are formed, and as the yield of the i^opulegyl acetates 
rarely amounts to 50 per cent., it is proloable that the aldehyde 
taking part in the condensation is the pure dextrorotatory com- 
pound of formula I. The hydrogen phthalic esters of the mixture 
qI alcohols obtained from the condensation product can be 
e^parated by the fractional crystallisation of the magnesium f and 


Fig. 1. 


plO 


I 

0 j 

-5 

-10 

-15 

-20 



2 3 4 :. (> 7 S y JO H 12 13 14 

'Sumhtr of rarhoii atoms ih (^rou-ing acyl chcln. 


strychnine salts. In this inainier, starting from d-citronell- 
aldehvde, the esters of /-/•'•ojujlegtd and d a-wpulegol have been 
isolated, and it ha.s bwn found that the two alcohols, when reduced, 
vield respectively /-menthol and </-«<(Mnenihol, looth of whidi, 
when oxidised, give /-menthone (l*arl ll). The analogy of these 
cases to that of ^/-lM>rne(>! and //>'diornooh which, as shown in 
Part 1. both correspond with </-cain|ihor, is very striking, whilst 
Tsohugaev (ficr., 1912, 45. 1293) has shown that tauacetone, when 

That is, asRuiiiiiig jio riv'^niisation takes place during the condensation, 
t Both magnesium salts are dextrorotatory in ethyl-alcoholic solution. 


Molecular rotatory pouter IM)2", 
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reduced, forms two tanacelyl alcohols of different configuration 
and opposite in rotatory power. It would appear that, in general, 
the reduction of an optically active cyclic ketone to the corre- 
sponding secondary alcohol yields a mixture of the two possible 
cis- and ir«;i,s--isomerides of opposite rotatory p<wers. In this 
connexion, further analogies may be mentioned, as Aschan his 
described 1901, 316, 196) the conversion of ^^camphoric 


Fio. 2. 



Niunber of carbon atotn-9 tin growing acyl chain. 


acid (the c/Vi<omeride) into f-f.>v>camphoric acid (the tr(m- 
isomeride), and ForsU-r (T-, 1898, 73, 386) the formation of dextro- 
rotatory bornylamine and la;vorotatory rt.rylx)rnylainme from 
(/-camphor. 

The values obUined for the optical rotatory pwer for x43j 8 
to 6438 of f-MopulegoI in the hoiiiogeneou.s state at 20“ correspcni 
with a one-term Drudo equation almost to within the exi>crimeiit» 
error, but at higher temperatures they do not. The rotatory 
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pawers of it® eeters with the normal fatty acids offer a strong 
contrast to those of the esters of f-menthol. Thus in the homo- 
logous s^es their molecular rotatory powers tend to a constant 
value only at higher temperatures (see table I), and do not in 
the homogeneous state at any temperature from 10° to 160° agree 
with a one-term Drude equation, lx>iug visibly anomalous in dis- 
l^rsive power at the ordinary temperature (see, tor example 
fig. 3). Further, when plotted against molecular weight, thi 
speeiho rotatory powers, unlike those of the menthyl esters, show 


Flo. 3. 



ma.viina (more prominent at the lower temjieratures, see Fig. 2) 
for the valerate and undeeoate, that is, when the growing chain 
may be assumed to return on itself. In ethyl alcoholic solution 
there are, in addition, indications of irregularities in such a curve 
at the propionate and octoate.* 

The special positions of the valerate and undeeoate on this curve 
are well illustrated in Fig. 1, which also shows the same pheno- 
menon in the curve drawn to eoiinect molecular weight and the 
temperatures (extrapolated, where necessary, from observations 

Compare in this conneji''ii somewhat similar pheaomeim in the rotations 
'the esters of d- 1 ■nnphthyl-n-hexylearbinol (Pickard ami Kenyon, T., 1914, 
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given on p, 1256), at which the esters have a dispersion ratio equal 
to unity for ,\ 6438 and 4358. The rotatory powers are given in 
the tables, but further discussion ol these and similar results 
obtained by one of us and Kenyon (T., 1914, 105, 830 et seg.), or 
of the criticism by Frankland and Garner (T., 1919, 115, 639) of 
the tentative hypothesis adopted to explain them, is postponed 
until further evidence is available. The variation of the specific 
rotatory powers of the esters with temperature from 10° to 180“ 
is nearly linear (illustrated in Fig. 3 for the butyrate), and should 
be considered along with similar results obtained by Kenyon (T., 
1914, 105, 2226) in view of the suggestions of Patterson (T., 1913 _ 
103,’ 156), 

Table I. 


Molecular Ilotntwy Poiren of \-korukgol and its Esters in the 
Jlomo'jeneotis State. 


i-i>oPulegol. , 

Acetate 

Propionate 
n-Butyrate 
n*Valerat€ .. 
n-Hexoato .. 
rt'Heptoate 
n-Octoate .. 
n-Nouoatc .. 
ri-Decoate .. 
M-Undecoato 
n-Dodecoalo 
Mynstate . . 





[m]S. 


-29-9’ 

-66-3° 

-72‘2' 

18-8 

31’0 

30-7 

ei-y 

17-2 

30- 1 

25-6 

61-0 

12-4 

26*6 

141 

52‘4 

149 

29U 

20-5 

57-4 

13- 1 

27-9 

14'7 

o4-l 

12 9 

27- 1 

14-6 

53-2 

129 

27-4 

14‘7 

53-4 

12-8 

27-1 

U-5 

63-3 

12-8 

27-8 

16-9 

63-5 

130 

27-8 

17-8 

53-0 

12-9 

27-9 

16-6 

63-5 

13-9 

28-4 

16-3 

54-7 


Experimental. 


I.«)Iaiion- o/ I \'SA)Pule^ol. 


The luixlure (b. j>. S- — 90^ 10 mm.) of alcohols (obtained by 
the hydrolysis of the condensation product of citronellalcleliyde, 
[o|j, +11'6^ and acetic anhydride) is he;dc<l in an oil-bath at 
110° for twelve hours with an e<iuimole<-uiar amount of phtlialic 
anhydride. The ])rodnct is dissolved in a very dilute cold aqueous 
solution of sodium carlionate. which is then carefully e.vtracted 
with ether to remove neutral compounds. Any di.ssolveii ether i; 
removed bv a current of air, and then the solution piecii'itatefi 
with the ralculated amount of a solution of maguesium chlonde. 
The resulting pasty mass is straimsl off and cryatallisod eight tune 
from alcohol containing some water, which is diminished a= t e 
separation nears completion. Hy working up the mother liqu 
{a) by conc-eiitralion of the alcoholic solutions, and (6) by rccmei; 
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of the hydrogen phthalic esters From the more soluble fractious 
and reworking these as before, a yield of jiisfc over 40 per cent, 
of the magnesium salt of f-f«opu]egyl hydrogen phthalate is 
obtained. 

Magnedum- l-isopw/er//// [>kthfiJafe crystallises from aqueous 
alcohol in lustrous flakes with 6H..0 (Found; Mg = 3-3; 
Il,0 = 14'3. C3flI4,0„Mg,6IL0 requires Mg = 3:t; J4^0^14'6 per 
oentOt which melt at 111'^ and are soluble hi chloroform or acetone, 

It has [Ujf,3s+7-8^, L^uni v23-2° -i- 30'3^ 

and [a[ 4 a, 5 s in alcohol (c-o) at It is decomposed by 

cold hydrochloric acid, which precipitates Vnopuhijgl.. hgdrugeii 
phfhahfe. This ester crystallises from glacial acetic acid in stout 
prisms, which melt at 106'’. It has - 19'39^, -2o'77°; 
[4.,, '23'55'’, -31-9t^ [a],.,, -39T04 -33*44°, 

-37‘5o°; and -53'32° and -7o-r)8'’ in alcohol and benzene 
respectively fr=5) at the temperature of the laboratory. 

The strgcktiinf; salt crystalli-sCvS from aivolute alcohol in long, 
prismatic needles, which melt at 20o°. Tiie homogeneity of the 
ester was inferred froin the constancy of its hcvorotation in alcohol 
and chloroform (i) after an attempted fractional crystallisation 
from acetic ackt and (ii) after convev>ion into the strychnine salt, 
which was rei)eatedly recj-ystalli^ed, arid its recovery. 

\-i$oI’ith’gof is o))taii)ed by the hydrolysis of the hydrogen 

phthalate with an excess of scKlunn hydro.xide dissolved in ethyl 
alcohol. It bolts at 88° 10 min., and its rotatory power is 
unaltered by partial esterirication with either phthalic or acetic 
anhydride, the nnesterihed lAvqmlegol and that obtained from the 
hvdruivsis of the eeters havimr identical rotations, When 
'iispendeil in water containing \\) per cent, of gum arabic in the 
lufsonrc of colloidal palladium, it is vcduce<l rapidly by hydrogen 
to a crvstalliue solid {ni. p. 12° and Falir- 19-ri} identical with 
/•menthol. 

i\-a-i<oriilt'g<>l.- -The more snlnblc ('Oinponeut obtained in the 
'eparation as de-<Til>e<l above of the magnesium salt of /-isopulegyl 
liYdrogeii phthalate remains after the removal of the alcohol as a 
pasiY iita.ss, which is stronglv doxtrorotatorv in ctlivl-alcoholic 
sohition The mixlure of hydrogen phthalatcs is recovered from 
the inagnesitim saK.s. lias a sjuvilie rotatory power alwiit ±0°. and 
l)y careful fractional crystallisation from acet ic acid can be further 
separated, the most soluble traction having [a]p about -r8° in 

|>er cent, ethyl-alcoholic solution. This dextrorotatory ester was 
liissolved in the calculated amount of a dilute solution of sodium 
carl>onate and fractionally prc<’ipitated by .-mall amounts of mag- 
qiesiujii chloride solution. After repeating the process ten times, 

V0T-. CXVir. 3 A 
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the most soluble magnesium salt yielded a hydrogen phthalate 
which had [a]n+30’l° in ethyl alcohol (c = 5), and solidified ij 
flat prisms melting at 117°. When hydrolysed, it yielded a dextro- 
rotatory a-isopulegol (still containing, apparently, about 10 pet 
cent, of 7-isopulegol), which had D)!*" 0’9172, [ 0 ]““’ +29'3o 
[a]Sr + 34-5°, and + 54-9°. 

When reduced by hydrogen in the presence of colloida] 
palladium, it gave an impure <7-tteomenthol with [oJJSJ, +10 92‘>, 
which yielded a hydrogen succinate melting at 68° after 1*0 
crystallisations from light petroleum, whereas the f-neonieiitho| 
described in Part II {toe. cit.) had [a]^, -21-32°, and gave i 
hydrogen succinate melting at 67 — 68°. The amount of materii 
available did not permit of a further repetition of the exceeding^ 
tedious process of separation. The isopulegoncs obtained from 
/-isopulegol, and the impure d-n-»sopulegol by oxidation s-itl 
chromic acid at 50° gave identical kevorotatory oximes {ju, p, 
121°, and volatile in steam) and semicarbaiones (m. p, 171°), ' 


Esteri of l-iaoPuIegol and KormaJ Aliphatic Acide. 

The estera were prepared by the action of the requisite add 
chlorides on a solution of isopulegol in pyridine, except in the 
case of the acetate, propionate, valerate, and heptoate, where the 
acid anhydrides were employed. All are fragrant, limpid liquids 
at the ordinary temperature. Samples of »-«opulegol recovered' 
from the esterification process, and also from the esters after these 
had undergone polarimetric examination, were unaltered in rota- 
tory power, Two samples of i-'-opulegyl valerate were also pre 
pared by fractional esterification of the alcohol, and were identical 
in rotatory power. 

In table II are given some of their physical propjerfies, ii 
table III the results of the determinations of their density (Di5 
and negative rotatory power the second set of figuis 

for the compounds being the resulting calculated values at ili 
temperature named of the specific rotatory power, and in table II 
the data of determinations of rotatory power in ethyl alcohol. 

The densities were determined in a (lyknometer holding ahiH 
I'o C.C., except in the case of isopulegol, its acetate and propiona® 
when one holding 4 c.c. was used. 

The rotations were mea.sured in lubes of 50 mm. length, roini 
which cooled water or heated mineral oil was circulated by r" 
of a pump, but are here given as for 100 mm. 
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Temp, 
Di .... 

Temp. 

®6438 

Temp. 

®B461 

Temp. 

“S08«-*' 

Temp. 

®1IM 

Temp. 

Temp. 

[*]>46l 



Table 111 . 




1-isoi' 

'ulepol. 



lH-4^ 

3G-5^ 

70-5° 98-5° 

131° 

172'^ 


0-89G2 

0'86(il 0'84ir> 

0-8134 0-7704 


r>7-r)^ 

105" 

147° 

163° 

livlK) 

KvOl 

10-66 

16-72 

. 16-74 

1- -o 


93 5° 

141-5° 

108“ 

2:t-oo 

l»3-74 

23-70 

23-82 

23-9S 


57^ 

101f.° 

148° 

105“ 

'21U 

27-70 

27'8i> 

28-22 

28-38 



103*5'’ 

150° 

lGC-5“ 

31-4(> 

:u-78 

32-38 

32-80 

32-98 



103*5" 

147° 



:!y-80 

40-52 

41-38 


... 

40-' Ot)' 

80° 100° 

120° 

140' lOfI" 



IStU KS-98 

10:t0 1083 

20-26 

20-73 21-22 

iVrllO ; 

2t>4(> lITO.’i 

■.'T.o.-, 28-28 

28-95 

29-68 30-38 

:(Mii :!I T1 

:)2-47 33-25 

34-08 

34-95 35-83 

: 

3y;iT 

37-35 38-37 

39-45 

40-57 41-74 

4;K»: 

44:«' 4.', ■.■>.■> 

411-80 48-22 

40-67 

51-10 52-71 




Tetnp 

i Vi 

i6-r 

0-1*364 

41 r 

n-mio 

84-l° 

0-8794 


Temp 



41^ 

66- .5° 

82- 

7 51 

9 10 

10-62 

12-84 

11-14 

“6»39 



11-' 

64-.'>“ 

Temp 

s-78 

'.M<* 

ll-.’.6 

11 18 

i7-i'i; 

«i481 


41 

1'..; 

Sl-.5^ 

TeM,|, 

IM 16 

i 2 92 

1 • 90 

19-40 

21 .54 

®;oa9 

•’1 

41 


84 -.’r 

lern[’ 

10 74 

13 .so 

17 34 

21-18 

24 48 

®I800 



21 

U' 

04-.5' 

! einp 

it 48 

10- 9S 

14-82 

19 70 

21-70 

*I3.S8 

Teiiip 

20' 

40 

<10 

SO° 




9-5.S 

11 61 

13 65 

1.7-82 



15 32 

18 34 

21-23 


[a.M- 

1 

13-61 

17l« 

20-71 

24-16 


[“/>''■> 

ii:.7 

18 71 

22-83 

26*95 



O'Sa'fO 


Si 


br 
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Table III. (continued). 
l-koPideff?jl ProjnmaU. 


Temp 

... 12-2= 

la-y 

44-6 

56-4'’ 

sa-e- gg-s” 

Dj 

... 0-93H> 0-9315 

0-90H4 0-8987 

0*8771 0*8721 0-8337 

Temp 

3° 


21-8^ 

46* 

67* 84-5* 

iioi 

5-74 


7-78 

9-82 

11-44 13-02 

Temp 

2'’ 


21-8^ 

4.0* 

67* 85* 



0-80 


9-64 

13-08 

15-5S 17-88 

Temp 

2-5“ 


21-8'" 

46* 

67” S4-5” 

«506» 

7-02 


JO-68 

14-46 

17-62 20-18 

Temp 

OC- 


21-8’ 

4.0-5'’ 

67* 84*5“ 

%fli) 

f-20 


MU 

15-80 

19*38 22*50 

Temp 

ou 


21-8" 

4.0* 

67-.0* 85* 

“«5J 

OKO 


1I-86 

17-06 

22-76 26-64 

Temp 

20'" 


40^ 

60* 

80* 

[“k'' 

8-19 


10-!7 

12 2-2 

U-33 

[oj^wt 

10-13 


13-49 

16-58 

19*63 

W.V« 

llwi 


14-80 


22-21 

[a]U 



1612 

20-36 

24-68 

i*]»! 

II- 2 0 

17-98 23-.74 29-04 

\-iyol*ide;/i/! u-Jiat/jrafe. 

Teiiip 

Di 

2u’ 

4:iy 

54 


11.2- 131” 147“ 

,,,, 0-9230 

(HW4ii 

0.8965 0-S822 

0-8451 0-8293 0-8137 

Temii 



3* 

i.r 

34^ 

.->2 :r 

s->” KiS” 134” 163” 

.... 3-20 

4-50 

o-4»; 

S -05 <»-To 

IO.T6 12-76 14-68 16-30 


•y 

15" 

34 

.55 71-5' 

Srr 112* 1,32* 161* 

*5161 

.... :m(» 

5-02 

S-20 

n-20 13-26 

!4-Ss 1808 10-96 23-00 

Temo 

T 

15'- 

34' 

5,'»' 75 

S4 109* 140* 164* 

*50*6 

2-90 

5 W» 

s-s2 

12-2S 1.V36 

l6-6t: 2O-,50 24-00 26-SO 

'iiij' 

3' 

15^ 

31 

.54* 7.5- 

S6' lo»-' 133* 166* 


ll 79 

.7-:>4 

9 42 

1340 1662 

1S-2S 22-96 25-90 30-54 

?inp. 


■r. 

34 

.5.5 7 2 

sr. no" 132* 161* 

3il 


4 32 

9 .’>2 

14-9S IS-M 

22-114 27 iJ 31-28 36-52 

entp 

20 

40 

60' 

So l<Hi- 

120' 140'" 160= 

.V53 

T-7S 

9- ST 

M-s: 14-12 

lii-.'ll 1821 211-12 

']'» .... 

(I-k; 

0 5*9 

i:i:t2 

16 24 19 .39 

22-10 2.5 .5 } 2S-6IJ 

li',,; 

T-N2 

10-9.9 

1 1 <>o 

IS-.I.o 22 M 

26 00 i,»9:U .32-77 

4 

O't.'l 

[| 77 

16 i;; 

19 Sn 24 

2S-77 32 9*i 37-2<t 

.... 

0-28 

12-31 

tS-l«l 

23 H 29 09 

;!4-.5!I o'.i .M) -t-5-24 
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Temp. . 



Temp. . 

^I4SI 

Temp. . 
Temp. 

SM8« 

Temp, 

^4M0 

Temp. 

*4isa 

Temp. 

[ajwM 

[•Isom 

[a]4«« 

[alists 


Table IH, {c&nimied). 
X-is/oPult'Qy^ ti-Y cdtrait. 


22* 30® 


0-9159 

0-9095 

2® 

3^4 

14-5® 

5-24 

2® 

4^10 

15® 

6-2-4 

2® 

4-26 

15® 

6-78 

1-5® 

. 4-12 

15® 

6-92 

0-5® 

3-02 

15® 

r>G6 


20 ® 

6- 23 

7- 57 
3-28 
8*57 

8- 63 


56-5® 

0-8882 

685° 

0-8787 

16® 

5-36 

41° 

7-64 

16° 

6-32 

41° 

9-98 

16® 

6-88 

41° 

10-90 

16® 

7-02 

41“ 

11-66 

16® 

6-73 

41° 

12-92 

40® 



8-39 

1087 

11- 99 

12- 87 

14 10 


75® 87® 


0-8735 

0-8630 

51-5“ 

61“ 

8-54 

9-20 

51“ 

60-^ 

11-14 

12-20 

51-5“ 

61“ 

12-54 

13-60 

51“ 

60“ 

13-72 

15-28 

51-5“ 

60“ 

15-38 

17-14 

60“ 


10-32 


13-78 


15-47 


17-12 


19-30 



\-UoPuU(rd n-Hesoatc. 


Temp 

14 6“ 

n< 

0-9187 

^4 

6“ 

... 3-32 

•4431 

n 

6-5® 

r' 3-62 

•4441 


Temp 

6® 

.344 



Temp 

6-V® 

3-12 

°4MO 


Temp 

6.‘>® 

1-94 

®i3ll 


Temp. 

20® 

[•S«. 

.5 19 

K„, 

.79.5 


6- 1 9 






6 30 

[•^ATf.H 

584 


32-8® 

0-9040 


42“ 

0-8972 

14-5® 

4-U 

40-5® 

6-76 

68” 

8-84 

1.5® 

451 

41-5® 

8-38 

68“ 

11-44 

U .7® 

4-72 

41 -.5® 
0 10 

68" 

12-92 

1.7® 

4 84 

41® 

9-62 

88" 

14-18 

" 1.7’ 

416 

42® 

10-82 

68“ 

» 16-28 

40® 


60* 

7 4.5 


9-33 

9-04 


11-93 

084 


13-31 

10-46 


U-5-. 

n 46 


16-66 


127® 

0-8264 

87® 

11-06 

87® 

15-16 

87® 

17-20 

87® 

19-20 

87-5® 

22-32 

80® 

12-19 

16-51 

18-79 

20-95 

24-11 


66-2® 

0-8870 

83- 5® 
9-84 

84- 5“ 

13- 42 

83-5* 

15- 02 

84 * 

16 - 54 

80-5’ 

18-70 

80* 

11-06 

14- 85 
16-77 
18-41 
21-47 
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Tadle III. [ ronfi .>; urt !' j , 
\-hoPvhgyl TL - UeyloaU . 


Temp. .. 

18^ 

39-5“ 

60* 

66 ° 



d; 


0-8946 

0-8802 

0-8522 



Temp. 

5 - 6 “ 

21-5“ 

ss-s* 

44° 

66-.5° 

83° 

«6i3i •• 

3-08 

448 

5-54 

6-22 

7-90 

9-08 

Temp. •• 

8-5“ 

21-5* 

33-5“ 

44° 

66° 

87° 

a6i<i •• 

3-20 

510 

6'66 

8-04 

10-56 

12-76 

Temp. .. 

5-5“ 

21-5“ 

34* 

40° 

65-5° 

84° 

*S08« 

2-92 

5-42 

7-56 

8-56 

11-72 

14-06 

Temp. .. 

6-5'’ 

21-5” 

34° 

44° 

66° 

85° 

®jsao 

2-70 

5-56 

8-00 

9-64 

13-12 

15-84 

Temp. .. 

7" 

21-3“ 

33-5“ 

44° 

65-5° 

87° 

«l»!g 

1-82 

5-28 

8-16 

10-44 

U-54 

18-74 

Temp ... 

20“ 


40“ 

60“ 


SO” 

[o’sfS ... 

4-84 


G-71 

8-43 


10-17 

r.]S«i 

548 


845 

n-27 


1.3-88 

[s SDK •' 

3.76 


944 

]2-57 


15-63 

•• 

5-83 


10-07 

13-82 


17-53 

[l/tiiS ... 

5-50 


10-74 

15-41 


20-00 


\-\saPtilegyl n-Odoate. 


Temp 

19° 

23’ 


38° 

52-5° 

])[ 

0-0055 

0-9028 


0-8925 

0-8826 

Temp 

.. r 

17-3° 42° 

45“ 

62° 

76-5° 82° 

®«S8 

.. 2-40 

3-90 606 

6-24 

7-32 

8-28 8-56 

Temp 

.. 3-5° 

i7-.3° 37° 

42° 

63° 

68-5° 86-5° 

95t«l 

.. 2-64 

4-36 6-74 

7-30 

9-54 

1013 11-90 

Temp 

3° 

15“ 

41-5° 

67-5’ 85-5“ 

OSJH 

2-44 

450 

8 10 

11-30 13-32 

Temp 

3° 

17-3° 41.^ 


61° 

67° 84° 

‘‘4 m 

.. 2-00 

4-78 8-86 

11-76 

12-56 14-90 

Temp 

.l.T 

173° 37' 


43-5° 

60° 71-5° 

*4JH 

0-74, 

4-08 8-36 

9-70 

13-08 1.5-06 

Temp. ,, 

20° 

40° 


60° 

80° 

[«]«» 

4-60 

6-38 


8-28 

9-78 



5-23 

7-92 


10-52 

13-09 

'•)>« 

.5-68 

8-84 


11-SS 

14-84 

'.fc, 

:)-86 

9-68 


1.3-23 

16-69 



5-20 

10-10 


N-.S2 

19-07 
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Table HI. (continii-ed). 




\-isoPiUegyl n 

■A’onoate. 


Temp 


19-3“ 

36" 

37-4" 


d; 


U-9042 

0-8925 

0'8768 


Temp 

4^^ 

'2io^ 

49-5" 

64-o" 

81-.7" 

^•488 

2oS 

4-20 

616 

6-94 

* 8-00 

Temp 

4o" 

23-5“ 

47" 

63" 

82-5“ 



-^■44 

4 94 

7-58 

9-34 

10-98 

Temp 

4* 

23" 


49" 

81-5= 

®8084 

'24-2 

0-34 


8-64 

12-22 

Temp 

4^ 

23-5^ 


48" 

Rl-5" 

®4800 

2:w 

5*32 


934 

13-54 

Temp. ... 

4-5^ 

i'3i" 

46" 

63" 

82' 

“4M8 

i-h; 

rU 

9-G8 

12’72 

15-!J4 

Temp. 


40 


00" 

8(1" 

wU 

4:Ki 

<>•20 


7-72 

9-2(J 

[a]5«i 

4-lt,S 

:-ii4 


10-24 

12-57 



:.;{s 

8-43 


11-39 

14-06 

[a3«M 

■Vjl 

9-22 


12 01 

15-02 

wv«, 

4!t4 

9-47 


13 IM 

18-12 


VisoPvhgyl n-Dccuiitc. 


Te n[i 

IT- 


4.V3 


65 


84 


Di 

. II-1MI2S 


0 ss2l 


O-8084 

0-8545 

Temp 

. 1" 14' 

44 

i;o 

77 

98 ■■ 

ll!*’ 

141-5’ 

ITii 

“M:g 

. 2-.)0 ,■1-32 

:» 46 

6 41 

7-62 

8-50 

10-16 

11-22 

1 2 5(1 

Temp 

. 3 14 

12 

.'.9' 

77- 

94-5 

118 

141 5 

Ills' 

®mt 

. 2-30 3-70 

6-9(» 

S-32 

111- 111 

)}-31 

13-28 

15-WI 

lO'Sii 

Temp 

. 1 " It 

42 

39' 

7s 

93 

120 

1411-5’ 

ITir 

^S0»8 

. I'.lO 3-NH 

7-46 

9-61 

11-30 

13-30 

15 5(i 

17-411 

10- 08 

Temp 

. 1 14 

It 

35 

79 

93 

121" 

140-3- 

ITti- 

®4»0 

. 1 96 3-90 

T-N-H 

H»-38 

12-9S 

1 4 74 

17-72 

19-74 

22-Sli 

Ti-nip 

. 3 M- 

42 

3S' 

77 

9 ;-3 ' 

117-5’ 

141" 

lOO'iV 

“nu 

. o-.*,8 :^:5^ 

S-94 

11 IS 

1 1 IS 

histi 

20-22 

2:{-4H 

20' 22 

Temp 

20 


10 


00 


8i 


[aSi. 

4-13 


."r7S 


7-41 

U-U2 

(4. 

4-93 


7-52 


9-' 

5 

11-02 

f«K-. 

.V20 


Sl9 


i i-lu 

Kt-GO 

I'OU 

:’.7 


'^71 


12-1 

3 

151 

6 



,V1". 


9 • > 


i;i-: 

4 

IT : 

5 
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Iablk 111. { 1 - 011.1 inaai). 
l-iso/ uleffyl n-f ndecoate. 


T>Miip 

li 

17= 

0-80; 

05= 

- 0-8715 


88-3= 

0-847-5 

131= 

0-8138 

Tffiii' 

«643» ••••; 

:t-.r 

2-oH 

15 5' 

3-42 

.TIG 

.56= 

G-12 

88= 

7-74 

'IVii'p 



2' 

2-4(i 

155’ 

li-iHi 

m-r 

G'28 

.56’ 

7-90 

88-5= 

iO-38 

'IV 114 ) 

4= 

15^ 

38-5’ 

.55-5= 


8j08(I 


400 

7-10 

9-00 

11-86 

Temp 

®iS 00 

4;>’ 

2 ;>(> 

|.)-5’ 

4-22 

W 

7-78 

.55 -.5= 
9-74 

9r 

13-46 

Tenij) 

**JSjS 

I-js 

15-5' :j7,v 

4- Is 7-90 

G8-.)= 

10-34 12-42 

87= 

15-02 

IVinp 

20’ 

40' 


GO- 

80= 

i4]wS'' ••■••• 

4 ;{i 

591 


7-31 

8-60 

l“i« 

40s 

7;i5 


9-48 

11-48 

[a]-i(r-'i 

">■29 

S-2I 


10-83 

13-02 



■)^^4 

8-94 


li-82 

U-52 

[ 5 IW.S 

.r54 

9-41 


13-18 

16-44 




Teivi[> 

iv 

20= 

4:3= 

58-5® 

80® 

D4 

0-8990 

U-S959 

o->s;94 

0-8084 

ll-S3-(l) 

Temp 

4 

i:-5 

:>9 

5»i'‘ 

81 = 

'tins 

2 44 

;mio 

401 

.)-:8 

714 

Temp 

4:)^ 

17 

ju- 

:,r 




2-40 

.Till) 

5-90 

7-48 

9-40 

IVtiqi 

4' 


.‘h 

57 ’ 

81'- 



2-80 

1 lo 

11- 111 

S 34 

I'l-TO 

Ti'in[i. 

4 

IS 

:3s 

55’ 

81’ 



2-10 

Mii 

7 ctJ 

9-12 

11-82 

Temp 



■(■V 

1-44 

170- :is 

rx 

53 G0S= 

9-5sS 12-08 

82® 

13-90 

Te,I;[! 

20-* 

4U 


00’ 

8u’ 



.'5-84 



ii-8!l 

S-3-' 



4-42 

li-ll!! 


S-8S 

11-01 

‘a 

4-s:i 

TiHt 


lO-U 

12-47 



4 98 

s-2:j 


11-18 

13-75 



4 0."* 

SoT 


12-27 

15-93 


3 A* 



1202 PICKARD, IIPNTER, LEWCOCK, AND DE PENNISGTON : 
Table III. (continui ). 


WnaFuUgijl Myristaie. 


Temp 


12 4° 

34-8° 

54-8° 


D*. 


0-8985 

0-8832 

0-8693 


'I’eilip 

5® 


43° 

65-5° 

84-, T 

^-t)138 

244 

^54 

4-84 

6-00 

6-82 

Temp 

5’ 

22° 

43° 

65“ 

83-5° 

f'346t 

2-40 

3-9t> 

5-86 

7-62 

9-10 

Temp 

5® 


43° 

65-5° 

84° 

“j086 

2-52 

4-44 

6-54 

8-54 

10-36 

Temp 

o® 

22° 

43° 

65-5° 

83-l)° 

^M8D0 

2 42 

4‘’-58 

7-08 

9-26 

ii-« 

'i’en.p 

4-j® 

22* 

43° 

63° 

84° 

•lass 

I'GO 

4 26 

7-58 

10-56 

13-36 

Tom p 

20^ 

40° 


60° 

80° 



3-Sl 

5-30 


6-03 

7-82 

WU. 

4 2:l 

C-30 


8-32 

10-33 



4-08 

7 05 


9-38 

11-69 



4 .84 

■■62 


10-28 

13-00 

[‘■i.k.sd 

4 4S 

807 


11-44 

15-02 


Some of the materials used in this work were purchased from a 
erant made by the Government (.'ommittee of the. Royal Society; 
the receipt of a personal grant from the Department of Scientifo 
and Industrial Research to one of the authors is acknowkdgei 
whilst the authors" thanks are also due to Messrs. Schiimiiel, o' 
Leipzig, for a pre-war gift of crude i>opnlegyl acetate. 
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CXXXVI. Some Neiv Azopyrazolones and Allied 

Compounds. 

By Kknnf.th HEraiF.RT Saund?;ks. 


In seeking to ascertain the effect produced on the colour of com 
Jjoiinds of the azo-tyjKs belonging to the Iwnzene, naphthalene, am 
authraquinone groups by increasing molecular weight by a com 
parison of the absor])tion sjicctra of the various members, it wa 
found that- scarcely any of the required substances beyond th 
beiizeneazo- and naphlhaleneazo-series have tieen preparcc 
Although azobenzene and the azonaphthalenes are very we 
known,'^ aazoanthraqninone has only been discovei^ed in reccii 
years (Gattennann and Ebert, Ihr., 1916, 49. 2117), whilst lli 
azoanthracenes are unknown. For the inirpose of such a con 
(larison, the azopyrazolones, being more strongly coloured and nine 
faster to light than the corre.spoiuling inemliers of the azobenzei: 
series, woniil srein to be more suitable, and have therefore l» 
selected for the investigation. A complete series of compounr 
has lieen jirepared in which the authraquinone nucleus is iiitr 
diiced either into the 1 -position of the p.yrazolone ring or as tl 
first comixinent of an azopvrazolone eomponnd. or in both positioi 


together. , • , , , 

The l-anthraipiinonvlpvrazolones cannot he obtained by tt 
simple iirocesa of heating ethyl acetoacetate with the rerinirf 
hydrazine, liecau-e reaetioii invariably stops with the lormatio 
of the hydrazone. The further action of condensing agents 
necessary' lad'ore the B anthraqiiinonyUiydrazoiie of ethyl 
,metate can he converted into a pyrazolone. Although bciliii 
,nlphiirie acid will cITcct this change ni one stage, the yield of tli 
pvrazolone is small, a large proportion of the original hydmiii 
b'eing regenenated. A tar more satisfactory method is to boil th 
hvdrazoiie with a.-etic anhydride, whereby I -B-aiithraqimioiiyl- 
icftvl dbmetiivlpvrazolone is proditoesl (Miihlau and Reiner, Iln 
1912 45, 2211). and then hydrolyse with hvdrochlm ic acif 

IB obtained m this «i 

as an orange powder showing all the proj.erties of the cla.-s ejee] 
that the aiithraqiiioone iineleiis causes it to lie highly m-o u e» 
rather slow to enter into reaction. It .-ouples with 
in acetm acid solution to .give typical arylazoi.yiazolones o 
-tability, which do not show definite melting point-, m ^ 
iR-gin t<, decompose above or thereabout. 

The sole prmbiet of the TOinplele eoiidensatmn ol le 
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i^uiiionylliydrazone of ethyl aoetoac^tate is pyrazoleanthrone, and 
th^ required pyrazolone cannot- be obtained (Reiner, Dm., 
Dresden, 1912; Mohlau and Viertel, Ber., 1912, 45, 3238), 
pifficulty in obtaining the a-isomeride is also experienced in the 
^preparation of the I-naphthyl-5-pyrazclones (Kiiorr, 1884, 
t7 550), for whilst l-)3-naphthyl'5-pyrazolone is easily produced, 
the product obtained from the fusion of a-naphthylhydrazine v/ith 
gthyl aoetpacetate «>ntains scarcely any pyrazolone, whilst in 
y)lvents the condensation does not take place at all. As noted 
above, the colour of ^-anthratjiiinonylpyrazoloiie is orange, although 
all the other pyrazolones of this type hitherto d€:'cribed are colour- 
less. The colour vibration may be set up by the carl^onyl group 
of the pyrazolone reacting with that of the aiithraquinone nucleus, 
owing to their being so arranged in space that they are in the 
closest proximity. That the colour is concenied with these two 
erroups is shown by the fact that acetylation of the ])yi'azolone 
the colour to lemon-yellow. It seems possible, therefore, 
that the colour of the prociucts, and also the difficulty of intro- 
ducing the a-aiithraquiiionyl group, may be referred to the con- 
tlc;uous position of the carbonyl groiip.s in the anthraquinoiie and 
pyrazolone nuclei. Kvidence for thi> view would be the pre- 
’)aration of the l-a-naphthyl- and 1 o anthraquincnyl-3-pyrazolone, 
jUt these com()ounds do niA yet seem to have lieeii described. 

For the preparation of the arylazo-denvatives cf the above 
anlliraqiiinonylpyrazulone. the alteriiativo (-roccss, due to Billow 
iiid Becking {Htr.. 1911. 44, 437). has also betii investigated. 
The first two steps are ea.sily accomplished, ,8'authraqninone- 
diazonium sulphate. i»r rxample. readily combining with ethyl 
acetoacetate. whilst the azo-compound so formed, on );oiling with 
hYdi'OXvlamiiie, passes into the /-<oo.\azoloue. When, however, the 
'■^.xaznlone is treated vvitb hydrazines, although a yield apjwoach- 
1112 theoretical obtained from hy<lrazine itself, the yield steadily 
faih as phenyl, naphthvl. and anihriUjmnunyl nuclei are intro- 
hm\, so that the inediod useless for proiliu-ing the higher 
menibers of the .series. 

Sodiiiiii dihydroxvtartrate decmni'iv-e- Udow a teinperaln’r at 
wlik'h |8 authraqmnonvlhydraziiio will react. t-X'-epling with 
extreme sl(nvne^s. so ihal it was found iinju»-sible to ol tuiii new 
uieiihers of the tartrazine group Iw this inetlnKi. all products ni 
reaction from a large variety of solvetu.'- being Ic.i' the niosi jmet 
a mixture of the decomptwititui pnMincts ot the dihvdrnsytaitrate. 

TKo authriupiinoneazopvrazoloiio. wliciher nM>i:bslitiitfd in the 
1 j'Ovition or substituted l*v pheiivi, iiaplithyl. or anlhraipiiiinuyl 
ji'csidiies, are characterised bv liaving. at best, only a sparing solu- 
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bility in most organic solvents. They can he crystallised fairly 
well from pyridine or nitrobenzene. They ^so have the property 
of many anthraquinoneazo-componnds of dis^lving in warm alkali 
hydroxide to form a deep purple solution, and, in^he case of 

i.^-anthraquinmeazo-Z-me.thyl-^-pyrazolone, which is^ery readily 

soluble in this reagent, a monosodium salt can be crystallised by 
salting the warm solution. Their melting points are very high, so 
that often decomposition sets in before fusion takes plaro. 

The property which first attracted attention to the group is 

that 4-fl-anthraquinoneazo-l-phenyl-3-raethyl-5-pyrazolone can 

exist in two differently coloured modifications; (1) yellow, unstable, 
and (2) red, stable (Moblan and Reiner, Ber., 1912, 45 , 2240), 
These authors prepared both forms, and found that the same 
absorption spectrum is given by both, and that, on heating, the 
yellow form changes into the red without melting. The same 
behaviour is shown by \S-^vxt}iraquinMea 20 -\-&-nn.phthjn. 
methyl-o-p;/rn:ohnr, excepting that the yellow form is still less 
stable and only appears directly after combination has taken place, 
rapidly changing' to the red form on warming. On the other 

hand, 4-3-anthraqninoneazo-3-methyl-5-pyrazolonc and 4-6-ofiflira. 
,,uinone(izo-\-0-<v>tlu-(tfiiniion>/l-3mffhyl-b-pyraz<>hiie exist in 

the solid state only in yellow forms, and by no means can be 
induced to cn-stallise otherwise. It would appear, therefore, that 
a phenyl and more particularly a naphthyl, nucleus substituting 
the 1-position of the pyrazolone ring causes the ordinary yelloiv 
form to tie unstable, with the result that slight rearrangement takes 
place on cn-stallisatioii, a more stable, red form lieing product. 

The colour of the solutions of the authraqninoneazopyrazolones 
is deep vellow, almost iiulidiiigiiishable to the eye from thow ot 
the l^nzeiieazopvrazolones. the azo-compounds denved froni 

l-^-authraquinoiiYl-3-mctliyl -'.-pyrazolone, iiotwith.-taiidiiig he rel 

colour Ot this compoiiiul. showing practically the same colour as 
those ill which the aiithmaquiiiono nucleus is a .sent from . 
1-pos.tio.i of the pyrazolone ring. This agrees wel with Hew. . 
theory (T 1901, 91 . 12-31). since the two carbonyl groups iii tie 

l-onds iuolatine the benzene ring Ix-yoiid, so that it cannot 

lit' 1" r z't: 

group in an azo com pound of thus type is piar ica y 
uinvle benzene ring. 


E X p nil 1 M K XT \ i 

considerable qiiantitc of this hydrazine was 


of Ibis resHui'- 
rwiuired. f'" 
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synthesis has been described in detail 

K-.r r 

by Mohlau (ibid. p. 31244) ti, ’ j ’ , 

pLticn from AloroaDtlaquinifb?^ " P*-" 

Mrate, bufas the yields are^onlTabott oot"' 

is useless on the large scale. The former 

the process outlined in D.E.-P. 163447 7 *'" '•* *7 

of l 3 -anthraquinonediazonium sulphate in reduction 

Potassium 'hydrogen sulphite; ft!;;" 

hydrazinedisul,>honic add with hydrochloric acid 'T" ° 
fact that all the intermediate eomnound. L . r ® 
the solid state, the process is 10,^6^10 “ lb ^ 
of the rather large volume of watir neccssarvToTfh 
soluble ^-anthraquinonediazonium sulphate tL r d 
diazonium chloride with stannous chloSe hasrter ft; h’"’ f 
If / 3 -ammoanthraquinone is boiled with ev f 
hydroohlorm amd until completely converted 
it can be diazo tised at the ordinary te.nperature as Jea li y ^ ’ 
concentrated sulphunc acid. Completion is shown when I d 
of the liquid diluted with wdter gives yellow diazonium su phttT 
soluble on shaking instead of aminoanthraquinone in red flakW 
The action of stannous ch oride on such a solution is coLex 
and leads to poor yields of ^-anthraqni.iciylhydraziiie. Eve; 
when strongly c^led w.th ice and salt, nitrogen is evolved duriim 
the reaction and the total nitrogen contenrof the final preduel 
never rises above , 0 per <^,it. This see.ns to lie due to a ti™ 
lold cause, hirst, the aiithraquiiioiie-carbonvl groups are more 
easily red.iced than the dmzo-group, and. secondly: steic hindrance 
causes the geiieral sluggishness of the a-hydrogen in the hvdraziiie 
reaueng agentyiot lic.ng able to add this hydrogen, thui causinv 
nsnon of the diazoi.iuin chloride to take place histead , It wa°s 
■nrtWr ionnd that the addition of one molecule of stannic chloride 
caused the reaction to proceed more smoothly, a ereet, inter- 
mediate product being formed, but on isolating the “free ’ba«e it 
gave no better results oi, analysis. The hydrazoue prepared from 
s hydrazine was purified only with difliciiitv. and, fiiadv the 
» of the hydrazii.e was prepared by the use of potassium’ ^alts. 

* m gne better yields and more uniform results than tho=e of 
sounira, a constant yield of 70 pr cent, being obtained. 
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Kthnifjitinuni/l-^-7nethi/l'6-pyrazoIune, 

C„H,Oj-N— '■ 

/3-Aiithraqiiinonylhydrazine was condensed with ethyl aceto- 
acctate in amyl alcohol solution, and the hydrazone rccrystallised 
from alcohol. Ten grains of this boiled with 100 c.c. of acetic 
anhydride gave V'o grams of the acetylpyrazolone, which was di?, 
solved in a mi.xtnre of 200 c.c. of glacial acetic acid and 75 c.c. of 
hydrochloric acid, and hydrolysed by two hours' boiling, latterly 
with the addition of animal charcoal. The mixture was cooled, 
filtered, and poured into exees,< of water, when \-li-nntlir(upiiN(tniil 
‘i-mefh'/l-o-pili'tnnfniir separated as a yellowish-red, gelatinous 
mass, which was washed many times with cold water, and dried at 
100°. The yield was 0'5 grams. 

The pyrazolone is soluble in glacial acetic acid to an oraiioc 
solution, which deposits ininulc, red crystals on cooling, more 
readily so in pyridine, but only sparingly so in alcohol and most 
other organic solvents: iusoluhle in water, dilute acids, or alkalis, 
but giving a reri solntlon in concentrated sulphnrio acid and a port- 
wine coloured vat in alkaline hyposulphite. 

It wa,s recrvstallised from pyridine, giving an orange powder, 
but altliough many comluislion- were carried out, neither satis- 
factorv nor concordant results wore obtained. Tliis would seem 
to be due to the impossibility of elTccliiig complete eomhnstion, the 
nitrogen continuing to lie rvolved tor long periods even at a Imight 
red heat. The same troulde oei-niTed to a less degree with the 
azo-derivatives, heating having to lie continued for an uinisnal 
time before nitrogen (ya.sed to be evolved. 

The following reactions, . liaracterislic of the pyrazoloms, were 
shown. In a'-etic acid Milution ilie compound readily reacts with 
nitrous acid to givi* a sparingly soluhh*. jiale yellow isorot/f„,i,. 
conipouiid. Itroniine wat< r added to (he same -olution is at oiio' 
decaiioriseal. and a vellow pieeipilate of tire dihromopyrazoluiie i- 
formed. So far, a definite menil-er oi the antipyriiie ciciip hie 
not la-r-H obtained. 


ill! flu till It n> till i/l'i III’ f li‘il--i 1-1)1 ii:iiliiii ' , 

NX'Me. 


1 -/f ' c :i III ii:ii \ 

v'--'>ch-n;npii. 

Oi,iid)..-x— ccr 


To a -oliitioii of the pviazuhiiie mi glacial acilic acid, the ii’p 
ile <|ii:iiitilv of benzeneiliazoiiiiim ibloride w.i- added. bi ' 
|,iPii..|„.,. ,,I sosliillii aialale. iiimi-inatioii at iiiice look phio. 
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vellow, gelatinous mass separating. After stirring for an hour at 
qq it was poured int<j water, collected, wash^, and dried. It 
crystallises from pyridine, in which it is very readily soluble, in 
minute, yellow needles. It is soluble in nitrobenzene and, to a 
smaller extent, in glacial acetic add; in concentrated sulphuric 
acid it gives a deep orange solution (Found: N = 13-58. 
(^' requires 13-71 per cent.). 


0 jthfhahui'if-itA ■^-niifhrniiiniHjii'ii 'i-/ii('fhf/l-7)-jti//{izoI(}ne an 
\.^.ynphthnhiH‘nzfiA-li-iinihm(iii<iiiinijh'6-iiut}nil-')-p!ir<iti)lone^ 

NICMe^ 


These were prej)arefl in exactly the same way as the Ijenzeneazo- 
co]n|X>und. The former was obtained in minute, vermilion needles 
oil crystallisation from pyridine, in which it is very sparingly 
>:oluble (about 0-75 gram in K)0 c.cl It gives a purple sohition 
ill concentrated sulphujic acid, wliereas the i0-naphthaleneazo- 
(■oiii[)ound is tloe}> orani^^v in this advent, the usual test which serves 
to distiucuisli the two iyt)mende'. no matter what the 1 -substituent 
of the pyrazolone ring is {Found: X rdOfi. requires 

X = 12--2 per cent.). 

The second compound, ix'ing almost in-oluble in pyridine, was 
crystallised from nitrobenzene, givinir a dull re<l powder. Both 
are insoluble in rno.st organic 'olvents (Found: X = 12T0. 
CJ 1 ,. 0 ;,N 4 requilt's N- 12-22 [>er cent.). 


fh !/f A' Pfit'fKohui', 

Ci.H-Oj-N-OK “ ■ 


(i-1 ^raiiiM. aUcr ooiiveision to the 
liyJioclilori'le, iliazoliffii in ■>" c'.i’. oi' jlaeial acetic acid with 
oil per ceiil . exi-css »i amyl liitiitc (KaiilWr, Vnrh< n-l ml .. 

19Uo 2 -tih)). -rhi. was ci.tnhincd with I'a crams of the 

iivrazolone m acetic acid solmimi, ^iviiip' a tlieoretical yield of the 
rnclf azocor.i|.<i.i.i.i. When .-rystallised troui nitrol>enzene, it 
lui iiis line, micn»ia)jnc, vellow necallcs ; variation of the conditions 
iailed to i.nal,i«. anv oilier form. It i- iinol.ihle in all solvents 
acepi nilrobenzeiio. and, to a loss esieiit. in l.yndme tFoiiiid : 
X- 10 X;. (V,||,.(1 N, re., Hires X liv;» ,.et eeiit.f. 
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4 ^-.'1 iithraqinnone<KO-Z methyl-o pitmzolone, 

NH-ccr 

| 3 -Aminoantliraquinone (2-5 grams) was dissolverl in 19 c.c. of 
.nlphuric add (I) 1'84) with mechanical stirring The beaker 
was surrounded with a water-jacket, and 4 ,7 grams of Ary, crushed 
ice were added to the solution. In five minutes, a voliiniiiKms, 
white paste of g-aiiiinoanthraqiiinone sulphate was foimed. A 
solution of 1 mara of sodium nitrite was then added from a tap 
funnel with a\-ei 7 fine nozzle, so that an horn- elapsed before all 
had lieen run in. whilst the temperature of the acid and the 
siirronndiim bath was allowed to rise to 30= under the heat of 
dilution As the diazotisation proc-oeded, the 0 -anniioanthraqi, in- 
one sulphate dissolved, and, on comidctioii, a clear, brown solution 
resulted a dron of which, added lo water, gave a yellow precipitate, 
dissolving to a verv pale vellow solnlio.i on shaking. Sufficient ice 
to dilutMhe warm solution enough to start the crystallisatmii of 
the 0 -anthraqnitioncdiazoninm sulpdiate wa.s added, and the whole 

aside to cool. In half an hour the d.azo.iuun salt crystallised 
in shining, vellow plates, the contents of the beaker set ung so ul 
The ma.ss Was scraped out on to .-rushed ice. colle.-ted, and washed 
once with ice-water. The 0 .anthraquinone.lmzo,umii sulphate was 
obtained in this way as a vellow. stable, cryslalline. i.owder n. a 
vieia of 87 per cent, of tlm theoretical. It was dissolve! oy 
sHrring into K'O c.c. of water at and oeiomposcd with a 

solution of ') u^riims of sotUom !■ i j ■ 

♦* % i'>vra 7 o’')no luivm:^ l <>ou ihs.'oUcd ni 

,-l'" 'iris r 7 , - S S.„ ™ 0,.d! »ai. ... 

colkcte-l. washed twux- with ho, water, and .lued at Kb , the 

yield was t!ieoreti,-al. ^ ,p.,rao„-n-ed bv evtre.ne iii- 

This coinponnd w.is ,.o,m t„ ^ 

d' Xd 

,n whK.. 1 “ ^ - It vv-i< al^o 

.rv.Ub formu.- ^'.oiuvntvato.! sulplun if 'and. the 

T;:: r'^hrLigc- ,K,mnd; X 1717. .■.dl,,OX, repm. 
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hydrochloric acid, using th© above colour change as indicator, it 
was found that the salt contained one atom of sodium. 

ir^-Anthraquin(meazo-\-$-'naphthyl-Z'methyl‘5’pyrazolon.e, 

NtCMe 

Four grams of l-;8-i]aphlhyl'3-methyl-5-pyrazolone dissolved in 
lacial acetic acid were combined with the anthraquinonediazonium 
idphate, prepared froin 4-6 grams of /1-aininoanthraquinone 
iazotised as above. The azo-compound, obtained as a flocculent, 
range mass on dilution with water, was collected, washed twice 
dth cold water and once with hot, and dried at lOO"^. It gave 
;rick-red needles when crystallise^l from nitrobenzene, in which it 
5 fairly soluble at the boiling point. Crystallisation of the cool 
olution diluted with alcohol, conditions under which 4'|8'anthra* 
luiiioneazO'l-phenyl-lLmcthyl 5-pyrazolone gives a large proportion 
j[ the yellow form., failed to give any other variety. It is also 
;yluble in pyridine or glacial acetic acid, whilst in alcoholic sodium 
livdro.ride it givc.s the typical purple solution; in concentrated 
sulphuric acid its solution is deep red (Found: N=12'46. 
requires 12 :15 per cent.). 

Attempts were made to prepare the isomeric 4-d-anthraquinonc- 
azo-l-a-uaphthyl-3-methvl-5 pyrazolone, hut the results were 
unsatisfactory, and a pure substance was not obtained. 

Kfh'/l 0 A iH/intyuinonfa:(>^‘-f foarcfnfey 

The ^-anthraquinonediazonium sulphate resulting from the 
dkzotisation of 10 grams of j3 amiiioanthraquiuone w’as dissolved 
hi a litre of water (o which were added 20 grams of sodium acetate. 
To this, a solution of o-l grams of ethyl acetoacetate dissolved in 
c,c. of -V-sodiuiJi livdiovide was axlded. and the ^Yhole stirred 
uilil the odour of (he e>ler had disappeared. The yellow azo- 
i.oin[)ouud, being (juile iiisolul'le in water, separated at once, and 
was collected, washnl. ami dried. The yield was theoretical, calcu- 
lating from the aiithraquirionediazoiiium sulphate used. The 
mule substance had .a grmi tingi', but. after boiling with animal 
i’liarcnal and recrv^lallising inon glacial acetic acid, it gave a 
vellow powder melting at 2Id L'lS-. It is surprisingly .‘soluble for 
ail arithraquinone derivative, dis>olviiig in alcohol, chlorofonn, 
ix'nzeiie. toluene, uiirolienzene, or pyridine. Alkali hydroxide 
buns it purple. Imt it is sparinglv soluble, and acids precipitate it 
1’ ;i yetlort- jelly (Found : X : "1. tXdlj.O X. rcfiuires N-T dtl 
[wr cent.). 
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A-^Anthi'aqttin4)‘Htazo-'^~mefhijl\&ooxazo}one, 




Eight grams of ethyl ;3-anthraquinoneazoacetoaeetate were dis- 
solved in a mixture of 175 c.e. of glacial acetic acid and 25 e.c. 
of an aqueous solution of 3 grams of soilium acetate. To the warm 
solution, 1'5 grams of hydro.xylamine hydrochloride, dissolved in 
10 c.c. of water, were adder!, and the whole was iKsiled for two 
hours, when a dro[> no longer showed a reducing action on Fehlingg 
solution. The colour was then orange Animal charcoal was 
added, and the whole boiled for a further ten minutes, liltered hut 
through a,sbe,stos. and slowly cooled. A mass of orange, needle, 
shaped crj'stals was t!e|)osited. and these were collected and dried : 
the yield was (i grams. The substance melted anti decomposed at 
188- -191°. It was soluble in acetic acid, alcohol, chl'>rofonti, 
Irenzene. or toluene, insoluble in water or tiiiute mineral acids, and 
sparingly soluble to a purple solution in alkali hydroxide (Found: 
X=12'01. requires N -12'CS per cent, I, 

On treating an acetic acid solution ol the /''rntxazolone witli 
hydrazine, so voluiiitnous a precipitatt‘ o! 1 '^-aiuhi ii(]uiiioiit'azo-,i- 
methvl-5-pyrazolone was obtaineil that the whole --et solid. Tint 
substance was ideniilied by the properties given above. With 
pheiiylhydrazine. a small crep of l.e anthraspiiiioneazo-l pheiiyh:;- 
meth'vl-.5-pyraz(>!one was oblainoil and identitied by its riiehiiis 
jKiint' With the iiaphthylhyilrazines. the products were too 
impure and lairv to identify with .ertainly. When 1 gram wat 
boiled with 11-9 gram of jS.anthraquinnnyllivdrazine. a lueeipitale 
of 0-8 cram of a red substance was obtained. By its insoltildlilv 
in all solvents, exce|it nil robenzeiie, ami its giving a reddish-iniinif 
solution ill alkaline liypo-nlphite. it wat l■om■lllded that it 
wa,s 4.3-aiithra.piinoiieazo l -6antlir,i(|iiin(>iiyl :i methyl ri pyrazo! 
one, but the viel.l lieiiig -o I'oor ami the priHlm t -o iiiipiire, this 
iiiethoil of prep.iraiion wa- abandoned, as la-iiig too wa-stelnl m 
the valuable ^ aniliraqiiiminylhvdiazine. 

The author wishes to expre- hi., thaiiKs m the .slalter- lii-lilint 
ol Imliidrial ( 'tieiiii-l 1 v lor a Fellowship wliieh l■oalllrd the wao: 
to be romimled, to -Sir William l*ope lor his imiiiialiuii ain 
intPiest. and to l»r. M D, Forster tor his guidance ihioiighciit the 
course of the work. 

■I'lii: fNivuK.snv I'lii.Mic-U. I.tmie.croiLV. 

,, ... Ill.r.lvd .v, I.t.mli.; Sdr. Itnl'-l 

< .WIlKII'Or. I/O" If (I, . ; 1 
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C-XXXVil. — y/i-e Action of Amines on Trinitrophenyl- 
methylnitroamine. 

By Thomas Campbell James, James Ivor Morgan Jones, and 
Robert Jlltyd Lfavis. 


It is a well-knowii projwrty of polynitrfj-aroinatic compounds that 
they form addifive derivatives with various types of aromatic 
siibstaiiceSj such as hydrocarbons, phenols, amines, etc. The mosit 
recent work on these derivatives has l}€eu carried out hy Sud- 
horough and his collaborators, who have examined in detail the 
formation and properties of a large series of the additive com- 
pounds formed by .'c-trinitrobenzene. In a review of the compounds 
prepared by them, Sudborough and Beard (T., 1910, 97, 773) were 
led to suggest a possible f'ornniia for the compound of trinitro- 
I}enzeue with aniline, representing it as possessing a hemi-quinonoid 
structure: 


OIN'O. 

/\)Nn,Ph 

\h 


The present investigation was undertaken with a view to 
ascertain whether triniirophenvlmethylnitroaniine (tetrylj forms 
additive compounds of a similar ty))€ to v-trinitrobenzene. It was 
observe<i that solution-* of thi' >ub>tauoe in a variety of solvents 
became deeply coloured on the addition of any amine, primary, 
secondary, or tertiary, except in such oases where the amine con- 
tains strongly negative radicles, and in a large number of cases it 
has been possible U> isolate from these solutions definite crystalline 
compounds, whieh are, without exception, compounds of tetryl and 
the base, united in cqnimoltciilar pro])ortions. Owing to the fact 
that the additive compounds are largely dissociated in solution, the 
^fparation of the pure prwlnct is diftkult in cases where the 
constituents are less rearlilv soluble than the additive product. 

The general coiiclusions drawn In* Sudborough and Beard (/or. 
"^) regarding .stabilitv and depth of colour have been confirmed, 
although the stabilitv of ihis series of compouiuls is, on the whole, 
less than that of the corresj)t)inliiig compounds of the trinitro- 
benzeue series. Thus, additive compounds of tetryl with phenols 
and tertiary amines have not been isolated in a pure state, although 
evidence of their formation is afforderl by the production of a red 
colour when solutions of the components are mixecl. and also, in 
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some eases, by an investigation of the melting points of mixtures 
of the components. Hydrocarbons and nitrophenols do not yield 
additive products. 

The chief point of difference between the additive compounds 
under consideration and those of the trinitrolrenzene series is that, 
in many cases, like the additive compounds of picryl chloride with 
bases, described by Sndhoroiigh and I’icton (T., 1906, 89, 583|, 
they readily undergo a change to a condensed compound ; .thus, the 
compound of trinitrophenylmethyliiitroamlne and aniline, on 
storing in a sealed tnlxj or on slow crystallisation from a hot 
solvent, yields 2 ;4 : 6-lrinitrodiphenvlamine, condensation appar 
ently occurring according to the eipiation 

C6H.,(XO.,)j-NMe-NO.,,NH ,Ph =- (',,Ifj(NO,)/N HPh + NHMc'KO,, 

We have not succeede<l in isolating the methylnitroamine, despite 
various attempts, and it is probably decomposed during the con- 
densation. The i)roducts are identical with those formed by the 
action of picryl chloride on the amine, ami in a number of cases exist 
in two or more modilications differing in crystalline form ami colour 
(compare Sudlwrough and Picton, /or. i-ii . ; Busch and Pungs, J. pr. 
('hem., 1909, fii], 79 . .945; Hantz.-ch, lltr., 1910. 43 , 1678), It 
is of interest to note, however, that the first product is generally 
of a red colour, whilst yellow or orange modilications arc obtained 
hv the use of picryl chloride, this Iteing due to the presence of 
hydrogen chloride, which is instrumental in converting red forms 
into yellow. 

Molecular-weight detenninatioiis of t.he additive compound! 
indicate that, notwithstanding the development of deep colour in 
the solution.!, dissociation into the coinponeiits is almost complete 
in dilute solution. 


E X 1' K K I M r. S T A I.. 

The metho'l of work consisted, in general, in allowing a cold 
saturated .solution of telrvl ill alcohol, acetone, or bieiizeiie, and 
treated with rather more than one moleenlar proportion of tie 
amine in the same solvent or in ether, to remain until eiystalhsa- 
tiori took place. In many c.-vses, crystals of the additive compound 
were deposited with ease'; in others, TOndensation took place, and 
the piervl derivative was obtamesl .as first product. When the 
mixed si'dniions were heated for some time on a water bath or 
when the crystaHisatioii was prolonged by leaving the solvent to 
evaporate slowly on a hot plate, the <-omlensation compound was 
nsnally deposited. 

.-ImmOTiiVi.-The addition of an alcoholic solution of aniinoni 
(one and two ee|uiva!ent.-, re»i>eet.ively, were u.«ed m dilTcrfii 
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eiperiiiionU) to a .saturated alcoholic solution o! tetryl yielded a 
deep red solution of an additive compound, which it was not 
possible to isolate. The deep colour gradually disap;^ared on 
warming, and from the resulting yellow solution, picramide (m. p. 
188*^), in a yield corresponding with 53 per cent, of the theoretical, 
crystallised out. The filtrate, on evaporation, provided a further 
yield of crystals, which proved to 1)e aniinonium picrate. 

When, dry aimnunia was pas;-e<l into a solution of tetryl in 
benzene, little action took place, hut on the addition of a small 
amount of acetone, a deep red solution wa.^; produced, from which 
a fluorescent, green oil separated. This solidifled, on keeping, to 
a deep green ina.‘^s. which, when freshly prepared, had a strong 
odour of ammonia. It is soluble in water or aleohol, giving orange- 
coloured solutions, )mt it has not been obtained in good crystalline 
form, and the melting point is indeflnile. the substance decom- 
posing explosively on heating above 100'^. After excess of 
ammonia is removed, the snavtance c-ontains C -34'19. II = 3‘61, 
and N = 24-9T j>er cent., corresponding with the fonnula 
CioHijOs^'e' 

When treated with an alcoholic solution of 
methylamiuc, tetryl gives a deep re<!-coloured solution, which, after 
slmht warming, depo.dts roddish-brovai needles (m. p. 112'^} con- 
noting of 2:4 :GtrinilroincthYlaniline (Roniburgh. imv. 

18S3. 2, 10-3). On rfcry.stallising from alcohol containing 
a small proportion of acid, pure, yellow needles melting at 114'8‘^ 
are obtained (Found; N-23'l:i. talv.: X“-309 per cent.). 

yields 2:1 : Q-trirutMphen>jIhenzj/kmin€, 
consisting of chcK*o:atc-co!o.ired needles (m. p. M3'3^). which, when 
crystallised from alcohol containing a little acid, becomes golden- 
vellow and melts at 144‘8' (Found: X=-ir70 Cj 3 H]uO^K 4 
mpiircs N = 17-6l per cent.). 

.{iiilinc. The additive ^vnip'nuirl of tetryl with aniline was 
vfahly ubtaiik-.d irum nenzone solution, and \mn> orange-red plates 
melting at (54= (Found: X-2i ;j5. requires K-22Ti 

per ceut.). 

The substaiivA^ ile^'Oinposcs on kee['ing in (he air. by treatment 
acids, and In Ireatment with many solvents, regenerating 
ictryl (0r)425 treatei with arid gave 0‘4lK>t tetryl, -74 91. 
I'alc. : tetryl -75-48 per cent.). 

On keeping in a sea]c<l tiilie for several weeks, the substance 
hecame moist, and the product on crystalliration proved to be 

1 :(5 trinitrodijihenvlamiiie. This substance is also obtained by 
4o\v crystallisation of the original mixture from warm benzene, 
acetone, or alcohol solutiniis. It forms orange crystals melting at. 
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US ', coir€s,».mliUK will, lUe d*scr.i6.ion of Hiunljeigtr and Mulkn' 

(Her., 1900, 33 , 188). ^ t . i • n 

<i-Ti>tiniliiie -An additive euiii piniiul with tetiyl is readily 

obtaiueii by adding a slight excess of the base to a hot solution 
tetrvl ill benzene solution, and allowing to crystallise. It consist, 
of brick-red crystals melting at 63° (Found: N -21-18; tetryl-- 
7->7 CuH, 40 ,N, requires N-21-32; tetryl-72'8 per cent.). 

The substance decomposes on exposure to the atmos|Dhere and 
also on recrystallisatioii, yielding tetryl. It does not, however, 
yield a condensation product, and 2 : 4 : li-triiutrophenyl-o-toly]. 
amine is not formed, even when the mixture of components i. 
boiled for forty-eight hiniiM in a reflux apparatus using various 

solvents, . . . i, , , 

m-T’o/mV/iiir. The additive coiiiponiul iii this ca.se ha.s not been 

obtained 111 a pure form, as it is rapidly changed, even at the 
ordinary temperature, to a condenseil ilerivative. The product 
obtaineil from a mixture of the coinponcnts in benzene solution 
c-oiisists of deep rod needles melting at about 811° which on treat- 
ment with acid regenerate tetryl. On warming this proc uct with 
benzene or with a mixture of chloroform and light petroleniii and 
allowiiiv to crvstallise, bright scarlet needles are deposited which 
meltat”tl8-5°'(Foi.nd: X 17-37. f,JF„0,.X, reipures X -- 17 73 

’’^ThTlutetance, when Hist prepared, i-onhi be recry-talUsed froni 
alcohol without change, but mi the addition ul a drop ot and lo 
a saturated solution in alcohol, oraiigi-yellow, prisiiiulic crvslao 
separates). These melt at I'-’tO and cmT 0 -l«iml with -Jitifutri- 
uitropheiiyl-uMolvlamiue. as .iescrilH-d l.y Hii-h an, 1 uiivs -J. 
,,r. fhnr„ 1909. |ii|. 79. The.se .authors state that thc siu- 

stance occurs in two forms, an orange modilh-itmu (ni. p, IXl-n 
ami a pure yellow form (m. p, 13n^). The toruis obtained uy c 
are read.lv soluble in alkali hvdruxi.le, yielding -leei. rod soluii* 
which, on acidifying, yield a pure yellow form me tmg at 1-7. 
We have Wn iinal.le. -o far, lo rcconveit the -table yel.ow nm 
into the labile scarh-t tmin melting at 1 18 -> 

mro/nn/inr. 111 tin- ea.se of this amine, an add.tiv,- .'cop''' 

with trinitropheiiylmethylmtroamine is nmlily obl.riiie, '‘'’‘i, 
hsiiiv a' mixture of the rnmpmeiils from b. nzcn,' or iia olua- ' 
conakte of deep re, I nee, lies melting a, 31 . w,.„ i am .can, 
deconip,>se,l bv anils, regeneiating letivl ( out. - ^ ^ 

tctryl=--72 1. rnpnrrs X 2i:t-J. 'el'v: f 

The cotideiisatioii compouinl, -g ; 1 :'',-lriiiitroph,uiyl-;Mnl;,..i7.i^ 
was obtained in the manner de-enbeii above, and was is,' ■ 
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(lie two forms described by Bnsch and Puiigs (loe. nl., p, 548) as 
ijrauge-yellow newiles (m. p. 163 — 164°) and blood-red prisms 
,m. |>. 165°). 

iiv-Vylir/iflc.- This base yields rvith tetryl a very unstable 
additi'vo compound, which undergoes condensation very readily to 
[ovin 2:4: (s-trinilropheniil-m-xyhjkimmt, 

ly l,(NO j.,-NTI'Cf,n3Mft, ; 

(Ills crystallises in orange-yellow needles melting at 157° (Found: 
Vv 1711. C„n|.,0|;N| requires Xs;16'8G per cent,), 

,y,\ ititiiliiie . — We were unable to isolate an additive compound 
ill this case, although the colour of the solution indicated that such 
j compound is formed. From a warm solution in alcohol, red 
civstals of 2':'l':C’-tiiititro-2-inetho':ydiphenylamine separated, 
iii'elting at 143° (Busch and Fungs, hn-. nl.. p, ,5,52, give 142°). 

.- - 1ji this ca.% again, no additive com]X)und was 
isolated, for 2' : 4' : 6'-triiiitro- l metbo-vydipheiiylamine was 
ibtuiiied even when cold solutions of the components were mixed, 
riiis omisists of orange-rotl needles melting at 172-.5° (Found: 
y_16-75. Calc. : X IG'77 per ceiil . ), 

Kusch and Fungs (/or. nl.. p .'..Tli dcserilic thi.s coinpouiul as 
Iiifhing at 138°. We have repeated their preparation of the sub- 
-taiicc'froJii picrvl chloride and /.-anisidiiie, and find that the 
luoduct melt.s at t72T)°. as .given above. 

The .uiditive eonipounii in this case has not 
l.seii obtained juire. and readily j'ltsses into the condensed deriv- 
ative, 2 ':l':()'-lrinitro-l-hydro.\'vdiiiheiivlainine, which consists of 
laick-re.l needles melting at 171° (Turpin. T., 1891, 59, 718). 

a-.Wiiihlln/hiuii.'ir. The aihlitive n.uitiouihl of this base is 
rtii'lilv obtaincil bv crv.-tallising a nii.vture of the components in 
biuivalent ainoniils from Is-nrene. It con>i,ns of well-defined 
Mack prisms melting at 111 , The roiniamiid is of considerably 
giratcr stabilitv than the additive eom]iminds previously described, 
lai! is partly decoiniwscd bv cl vstalli.oition from maiiv solvents, 
ait'i completely bv warming with acids (Found: 

[tein-1^6i;-li;. '( '.Ml, ,0.x,. re<|niies X 19a3: tetryU66'73 iser 
cent.). 

Xo condensation pioduct is loriiti 1. even alter prolonged boiling 
lit llie additive eoinponnd or o! a mixture of the components in a 
v.irietv of solvents. 

■b.Vnp/, The additive punii,/ is similar to the 
ibove. ami is ohiained in Mack pri-ms melting at 99° (Found: 
N' I'.I TJ. t',-ll,,0,X',, icqiiir.s X 19 |>eif eiil . i. 

The .■miiponnd' i- laillv slab!,- an,! .ba-- iml yield :l conden-ed 

I'lv/uivo. 
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m-Phenyhnefliamine.—Thii additive compmmd of this base is 
readily obtained by crystallisation from benzene solution, and 
consists' of silky, brown needles melting at 84°, which are 
moderately stable, but are partly decomposed by recryStallisation 
and completely by warming with acids (Found; N = 24-94, 

CijHijOgNj requires N = 24-81 per cent.). 

The condensation compound, 2:4: 6-trinitro-m-aminodiphenyl. 
amine, is obtained by slow crystallisation from hot acetone, and 
forms a deep red, crystalline powder melting at 207°* (compare 
Jaubert, Her., 1898, 31, 1182). 

Meihyl(inU'me.—'^h\f, base yields an additive comimind with 
trinitrophenvlmethylnitroamine, which consists of deep red plates 

melting at 86° (Found : N- 21-86. C„H,AN6 requires N = 21-32 

per oenl.). c, ■ , 

The condensation compound has not been obtained by our 

general method. 

Dimethylaniline, ethylaniline, and diethylanihne all yield 
deeply coloured solutions when mi.xed with solutions of tetryl, but 
pure 'additive compounds have not yet been obUined in these 
cases. Moreover, condensation to picryl derivatives does not occur 
even after prolougeil l->oiling in alcohol or acetone solutions. 
Similarly, w-nitroanilino and /Miitroaiiiline yield slightly 
coloured solutions with tetryl. but the separation of pure additive 
compounds has not been achieve<l. An investigation of the 
freezing-point curves of mixturei: of these bases with tetryl indicates 
that iinsta,ble molecular compounds can exist. 

Halogen-sulistitutesl amines give only feeble colorations ivith 
solutions of tetryl, and form no additive compounds; condensation 
is also not possible. 


Summ/tru . 

Trinitrophenvlmpthyliiitroainino (tetryl) readily fonns equi- 
molecular additive compounds with the simpler aniiue.s, which in 
many cases readily roiulense to form picrylamines. The presence 
of aikyl sulstitnenls in tlm ortho p<r<ition in the amine does not 
affect the formation of the additive compound, hut inhibits the 
condensation. The presence of the methoxy-group in the orthe 
position does not, however, prevent the roiulensat ion (compare 
o-tolnidine and o-anisidine). On the other hand, substitiilioii ■« 
the meta-positi.ui renders the molecuhir comi>outid misUWe, w 
it readily pas-es into the TOirespondiug lucrylaunne. f 
naphthylarnine^ and the secondary amines yield sl.ilde aJdi Of 



•Jlttofl Dwix-t 


AMINES ON TRINITROPHENYLMETHYLNITBO AMINE. 1279 

compounds, which do not pass into condensation derivatives 
(compare Sudborough and Picton, loc. cit., p. 589). 

According to Werner, the components of molecular compounds 



10 20 :!n 40 50 oo to so oo ioo 

P<TCt ntng^ of Uiryl. 

Freezing ptiint curve.'S ctf tetrvl-wi-nitroaniline (1) and 
t«’f rjl-p-nit roftnilinc mixturrs (II}. 


of this type are to ^>e represented as united by tbe re-sidual or 
auxiliary valencies of the nitro- and ainino-groups (I): 


NMe-NO, 

No/\jXO, NH,Ph 

\/ 


o:x-o. 


NMei: 


/-\/° 


/\/ \_/\h 

‘ ^NMe'NO., 



1280 MAXTED : THE INFLUENCE OF HYDROGEN SULPHIDE OX 


It may be pointed out, however, that a representation in aeoord- 
ance with Sudborough and Beard's suggestion (p. 1273) brings the 
nitroamine group into close proximity with the amino-group. If 
the amino b« represented as possessing a hemi-qninonoid structure, 
the intense colour of the molecular compounds and the comparative 
stability of the derivatives of secondary amines may also be 
explained. Thus the molecular com[)ound with methylaiiiline 
might be represented as (11). 

The influence of substiliienls in the phenyl group of the amine 
on the ease with which condensation can take place is not obvious 
in a formula of this ty|)e. whereas in the ca.se of the Wcrnei 
formula such substituents may be represented as modifying thf 
amount of residual v.alency, whereby the amine is attached to the 
iiitro-group. 

We elesire to thank Mr. Taltrvn James for assistance in the 
preparation of some of the substances described. 

Thk bnwAttn Daviks Cukmicai. I.AnoK.vTOHiKS, 

.tinuiv.sTwvm. to rf. . s'. pt-wfjir 13P), igs.i.j 


CXXXVll 1. — 7/iir of Ui/drogrn Sulphidi’ ori 

the Occhi.fioii Ilf llijilriiiii'n hi/ Palhulinm. Part //. 

Hv Ki>U \K!) HltADKolU) Maxtki), 

In a previous j-ajxT (T.. 115 . it ha< sliowii that 

whilst fOiiipar.i: ivciv 'iinaU (piantitit- oi liyilrot^on sulj^hid*- 

>ufli<‘ietit lolallv to inhil-it tho iit. o(vlii<ion oi 

hvdro"<^ii bv [lailadiinn. tlii< hy(lroi:t*n Milpliide, un leini: 

h^at^d to in a varinim, ♦•voIwA'i an ♦■•jiial viilurne oi hydroz^'i 

aiul passes into a snljihur •■omph'X whifh !■: far poisonous 
hv<lroi;4»n .sulphido itadi. Tlu* inliibitivt* olTt's-i ol >ii!jihnr in tin* 
latter form t'onl'i !•«* pifd'ftrd bv a->-umini: thf* foi inalidii n; a 
f-onipUNV ?d;S. wlii. li i- n..-.U'aI»!o of iMTiusiuii. and ascrihiiit: i-' 
tilt* resitiiia! palladium it- normal ocrlusiva* ]M>w<‘r tor hydro^Tii. 

In tho [>i>'vioiK papf*r. tih' ininimuni vohniK* of hydroz^n 
'ii]|<hid»‘, as sufli. lor tin* comjtlffv inhiintinii nf thi* 

ocoiiisivt* powt'f of I'.iUadinm I'ltr liv'dro^iMi, was not dflcrinint'd. 
it U-in^ nolt’d, t)i»W(‘V4‘r. that lltr v<tlnmf of ijas alismlied la 
palla'lium oii oxpoaiin* for a -liovt tiiiu' to hvdro^fn sulpliidf' 
this iorioiintiiii^ in an i'xpfi irnrtil to Ki r «■. prr i^ram of ua-ta! 
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\va.s .suftkieiii tu (H’cveiit Uh; onlinary wcliisioii of Itydrogen on 
^ubsaquently admitting the gas. 

The subject has now l)eeM investigated further, with the object 
of fallowing quantitatively the inhibitive effect of successive incre- 
inenta in the hydrogen sulphide content of a given weight of 
palladium, this hydrogen sulphide being present in the form in 
which it is originally occluded and being ad-Ied to the palladium 
in small known quantities, which for the majority of the measure- 
]]ients vVtre les.s than the volume required for saturation. The 
poisoning cuive for uudeconiposed occluded hydrogen sulphide was 


Fj.;. 1. 



Il 


loiiiul to Iv linear in foijn. Kvi<leiuv wa. abo obtained of the 
^ladual and spoiUaiieous di-stnialiou ni ihe occluded hydrogen 
sulphide even at the ordinary temperature, with the fonnation of 
hvurugeii and of tlie IM^S esunph-x. This roaotiou is accompanied 
hy ,i (’orrespondinu .diange in (ho (HX*!usive power. 


K X V K It 1 M n t k r.. 

The apparatus eniploveil is .diown <iiagrainmatically in Fig, 1. 
It consists of a ‘•luall absorption tube. .1. ooutainiug a known 
^'oight of palladinin, which was weighed out as chloride and reduced 
m situ, as before. In order to inlnxiiuT into the system livdrogen 
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or hydrogen sulphide, as required, two gas burettes, M and V, were 
provided. These had a capacity of 25 c.c. and 5 c.c. respectively, 
the larger burette being employed for hydrogen. The system 
could be exhausted by means of a Sprengel pump, 7/, or, where 
more convenient, by lowering and raising the mercury in 5, the 
three-way cock being turned as required. All parts of the 
apparatus were joined by fusion, and all stopcocks were mercury, 
sealed. In view of the inhihitive effect of mercury on thg occlusive 
power of palladium observed by Paal and Hartmann (5cr., 1918, 
51 , 711), a short plug of gold leaf, I), was inserted as a precau- 
tion against the possible penetration of traces of mercury vapour 
into the absorption tube. The hydrogen used for reducing the 
palladium chloride in A and for filling 71 was obtained from a 
cylinder of the electrolytic gas, and was freed from traoes of 
oxygen by passage through a “half-watt lamp, K, followed hy 
a scxla-lime tube, G, and phosphoric oxide tul>e, 7'. The hydrogen 
sulphide was prepared by the action of heat on magnesium hydro- 
sulphide, and was dried hy passage over calcium chloride. In 
order to reduce the volume of the absorbing system to as small 
a value as possible, ca|nllary connexions were employed throughout. 
The volume of this system was retletermiiied for each absorption 
tube, the value being rexpiired in order to obtain the true occlusive 
power of the jueparation from the voliune of hydrogen absorbed 
from B. 

Each measurement was begun by sealing on a fresh absorption 
tube containing a known weight of palladium chloride. This was 
reduced to metal hy means of hydrogen at 100°. the current of 
gas passing out of the system by way of the open end of .1, which 
was subsequently sealed oil. The volume of hydrogen which was 
capable of being evolve<l at 100° or occluded at the ordinary 
temperature iiaving l>een determined, as before, .1 was exhausted 
at 100°, and, after cooling to the ordinary temperature, K was 
closed and a known small volume of hydrogen sulphide allowed to 
|ka,ss from <’ into the absorption tube. This gas was found to be 
quickly and practically completely absorbed by the ])alladiuiii, and. 
on subsequently a<imitting hydrogen from 77, occlusion of this ga= 
took place to an extent rlependenl on the degree of poisoning which 
had been induced by the preliminary treatment with hydrogen 
sulphide. 

The results of the various moasnremeuts are summarised in 
table I, in whieh the experiments are arranged in order oi 
increasing hydrogen sulphide content. The volumes of gas are 
in every ease reduced to 0° and 760 mm., the exjaerimeiits being, 
however, carried out at 20°. 







'<r >0 <c t' oo o 
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11 Will be seen that the occlusive power of palladium for hydrog^^ji 
is diminished progressively hy the presence of increasing concentra- 
tions of hydrogen sulphide. Provided that the ratio of hydrogpji 
sulphide to palladium is less than a certain critical quantity, ^ 
volume of hydrogen, varying with the concentration of the 
inhibitaiit. is occludeci at once in a normal manner, as is the case 
with unpoisoned palladium. This primary process of practically 
instantaneous alisorption is followed by a secondary process, durinir 
which a further quantity of hydrogen is gradually ind slowly 
occluded. Evidence will be adduced later in the present paper 
that secondary absor]>tion is due to dissociation of the occluded 
hydrogen sulphide. 

On passing through a critical value ol about 8*5 c.c. of hydrogen 
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sulphide per gram ol palla<lium. [)rimarv al>sor])tion ceases, an;! 
secondary <x;clusion onlv is observed; further, on plotting cK'cliisive 
^ower against hydrogen sulphide content, it is seen that the 
influence of this inhibitanl, both on primary rKvlusion and on tela! 
occlusion, is linear in nature. This result, whii-h is analogous to 
that obtained for decompose*! hvfirogeti sulpbide, is illustrated in 
('urvcis I and II in Fig. 2. 

In cases where the coni-viitratimi of hydrogen 'ul[*hnJe is con- 
siderably in excels of that neoessarv totally to inhibit priraaiy 
occlusion, the fir't -tages of secondary absorption may take place 
sufficiently slowly to mask the prcxiess unless the syi^tciii is kept 
under obse.'vation for a considerable time after admission ot 
hvdrogen. The process of secondary absorption, •afW !>egiiiiiing 
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slowly, gradually increases in velocity, and finally the velocity 
diinimshes to rero as the limit of total occlusion is approached 
With concentrations of hydrogen sulphide below the critical ratio 
secondary ab^rption may, on the other hand, take place at a’ 
velocity sufficient to render necessary a very careful following of 
ll,e movement of the mercury in the hydrogen burette, in order to 
,uap accurately the progress of the first stages of the process and 
tc differentiate it from primary absorption. Measurements in 
ahich readings of the volume occluded were taken, in such cases 
every few seconds during the first stages, of secondary occlusion’ 


Fic. 3. 
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dvi’. ;»lio\vn ibat ih<* lorm of i\\[> absorption 

irvt. althougli nior<» is siitiiiar to thirt- ol)sem-.t with higher 

'lirenlratioiis of hvtJro^H'U sulpliidv. in whidi s^H'ondary occlusion 
slowt^r and jnore ea.'ilv lollowt-d. 'I’Ik* (orm of the various 
ivorption curves is well shown in Fii'. ib in which the progress of 
'J-urplion of tvrtain i»!‘ tlu* Juea'urenn-i-ls is plotted against the 
line. 

1" order lo obtain information rcspeclinir the nature of th^ 
'I'Oi'fs.s involved dnriiii: >e<*«nidarv (Hvlusion. careful analyses were 
'‘H'le of the gas remaining in the aWorption j'ipette after secondary 
iWption had taken place, for the purpose of ascertaining whether 

VOL. oxvn. 3 fi 
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or not hydrogen sulphide is evolved during the change, 
simultaneously with the slow absorption of hydrogen. In uo case 
was hydrogen sulphide in appreciable quantity observed, and 
exhaustion of the gas, followed by the introduction of fresh 
hydrogen, also failed to cause the fresh increase in occlusive power 
which would be expected if secondary occlusion were due either to 
the gradual displaceineut of hydrogen sulphide by hydrogen or tu 
the rerluctio!! of a siilj)hide complex, with evolution of the sulphnr 
as hydrogen sulphide. 

The process a])pear3, ou the other hand, to be due to a change 
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in the condition ol the ncchnled hvdrogen sulphide itself, in tbi 
the change in ocoln>ivo power tound to take plai-e spoiilawon-h 
on standing. 

In order to investigate this point, three measurement' '^er? 
carried out with three >]H;cimen'^ of ]>alladiuin, which were m ud 
case allowed to absor]> about 11’^ c.c. of hydrogen '^iilphide }>frj 
ifraju of palladium, the subse<jiient admis.don of hydrogen for tlit 
determination of the o^rclusive power being delayed tor six niiniiie 
four hours, and twenty-three hours n'spectively. The al'sorption 
curves obtained are reprtyluced in Fig. 4, from which it ^dll 
<€en that whiUt the linal volume of hydrogen occluded hy 
parations containing an approximately equal volume ot hydrou?’! 
sulphide is the same in each case, the form of the absorption ctm 
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has been influenced by the time which has been allowed to elapse 
between treatment with hydrogen sulphide and subsequent measure- 
ment of the occlusive power for hydrogen, almost complete 
suppression of the slow process of secondary occlusion having been 
induced by allowing the system to stand. 

The nature of the change undergone by occluded hydrogen 
sulphide during the comparatively slow passage of the system at 
20'^ from a state of lower to one of higher occlusive power would 
seem to he similar to that obtained instantaneously at 100®, in 
which the hydrogen of the liydrogen sulphide has hcen shown to 
be evolved a.s such, the sulphur being retained by the palladium as 
a Pd,S complex. 

This view is supported by considering the dissociation reaction 
H,S 211 + 8 

in connexion with the volume of hydrogen occluded during primary 
and secondary absorption. During this dissociation, a volume of 
liydrogen equal, whilst in the molecular condition, to that of the 
hydrogen sulphide occluded is sot free and must be added to the 
volume of hydrogen subsequently absorbed in order to derive the 
true occlusive power of the preparation. The total volume of 
hydrogen thus contained in the palladium should, if the reaction 
postulated is the correct one, fall on the known poisoning curve, 
calculated on the basis of the presence of Pd,S comple.x in amount 
equal te the sulphur contained in the hydrogen sulphide occluded. 

The close agreement between the observed occlusive powers and 
the values calculated from the Pd,S curve is shown in table II, the 
resnlte being also plotted graphically in curve 3 of Fig. 2. 


Table II. 



C.c. 

Xytirogcii 

Total 

Total hydrogen 

So. of 

per gram 

tu'chided. 

hydrogen. 

calculated from 

expt. 

pallium. 

C.c. 

Co. 

PdjS curve, 

1 

0.0 

64-0 

66-2 

66-0 

■2 

2'74 

r>2-5 

6,'»-2 

65-4 

3 

3-9 

595 

63-4 

63-8 

4 

4-60 

59-s8 

64-4 

62-9 

6 

6-7S 

63-7 

60-5 

60-0 

6 

7-10 

51-9 

59- 1 

59-5 

7 

8-52 

47-8 

a56-3 

67-7 

8 

1I-8 

430 

54-8 

53-3 

9 

17-6 

27-7 

46-3 

45-8 


For the purpose of the calculation required for the above table, 
the occlusive power for hydrogen of I grain of unpoisoned 
palladium, under the eiveii conditions, has luien taken as 69 C.C., 
this value being in agreement both with the measui'cments 

3 B* 
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contained in th* present paper and with those previously 
published. 

The paJladinm, in addition to functioning as m (finding 
medium, would thus appear to induce the catalytic dissroation of 
the occluding hydrogen sulphide. This gradual dissociation affords 
also a ready explanation of the non-existence of a definite solu- 
bility of hydrogen sulphide in palladium. It has previously been 
shown that, after preliminary saturation, a slow but continuous 
absorption of hydrogen sulphide takes place, occlusion of as much 
as 42 C.O. per gram being observed by allowing palladium to remain 
for three weeks in excess of hydrogen sulphide. It will be seen 
that the gradual disappearance of occluded hydrogen sulphide, as 
such, due to the passage of the sulphur into the Pd 4 S form, should 
cause the system to cease to be saturated for hydrogen sulphide. 
Fresh hydrogen sulphide is thus occluded, and the process continues 
until the occluding palladium has been eliminated as Pd 4 S complex. 
It would be expected that the catalytic activity of the palladium, 
necessary for causing dissociation, would also decrease progressively 
as poisoning proceeds, so that the velocity of this dissociation, and 
oonse<iuently of the aljsorption of fresh hydrogen sulphide, should 
rapidly diminish with increase in the sulphur content of the 
palladium. This decrease in the velocity of the dissociation of 
hydrogen sulphide with increasing sulphur content is demonstrated 
in a striking manner by the curves of Fig. 3. 

It should be emphasised that the complex Pd 4 S cannot, without 
further investigation, be assumed to be a true sulphide of 
palladium, the character of this complex having yet to he 
determined. 

Chables Stbeet, 

Walsaxx, Statfs. [Received^ September 30fA, 1920.] 


CXXXIX . — Catalysis in the Hydrolysis of’‘Eskrs fci/ 
Injra-red Radiation. 

By Eric Keightlev Rideal and Jaues Abthi'B IIawei.xs. 

Accohding to the quantum radiation hypothesis of chemical and 
physical actions as developed by Trautr, Lewis, and Perrin (com- 
pare Ann. Physique, 1919, [ix]. 11 , 5), molecules only bcconif 
reactive after absorption of a definite amount of energy, tbe 
critioal energy increment, although it appears probable that for 
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different reactions the degree of activation necessary may differ, 
yet these vajious st^^es of activation, oorreeponding with various 
oritioai energy increments, are related to one another in a simple 
manner. This energy acquired by the molecule is potential, and 
is assumed to be supplied by radiation; thus all reactions, in the 
broad sense of the term, are photochemical or photophysical. The 
chemical and physical effects produced by a-particles and electrons 
may be included, since the characteristics of photochemical reac- 
tions may be quantitatively interpreted with the greatest facility 
on a oorpuaoular theory of radiation. 

Up to the present time, with the exception of the photochemical 
reactions taking place in the actinic part of the spectrum, there 
bag been no direct proof of the validity of the extension of this 
hypothesis into the other parts of the spectrum, especially the 
infra-red, the arguments in favour of such an hypothesis being 
indirect, based on experimental data, such as the temperature- 
(joefficjent of chemical and physical reactions, the heats of form- 
ation of chemical compounds, or the latent heat of evaporation of 
the elements. 

The temperature-ooefficienfc of methyl acetate has been studied 
in detail by Lamble and Lewis (T., 19U, 105, 2330), who found 
that the critical energy increment was about 17,000 calories per 
gram-molecule, which, on the quantum theory, would be provided 
jy light of frequency of v-LOxlO^S or wave-length x = l-9/x in 
the infra-red portion of the spectrum. 

In a constant temperature enclosure, such as a thermostat, the 
density of the activating radiation, «„ is constant, and the most 
convenient method of causing an alteration in and therefore 
of the reaction-velocity, is by alteration of the temperature. 
can, however, be altered by either decreasing or increasing the 
absorbable radiation density without altering the mean tempera- 
ture. Thus plants which are photosensitive to the actinic part of 
the s[}ect'rum practically oease growing in the dark, although main- 
tained at the same temperature, and other typical photochemical 
and photocatalytic reactions l}ehave in like manner. In the case 
of infra-red radiation, however, it is diihcult to shield any part of 
the reacting system frojii radiation of any particular absorbable 
frequency, since the system itself can emit this radiation either as 
a result of iutraJiiolecular vibration or even iutermolecular 
collisions (see Nernst, "Die Theoretischen und Exp. Gnindlagen 
des ceuen Warmesatzes, ’ ITalle. 191S, p. (13). Alteration of the 
medium in which the reactitig molecules are dispersed does, how- 
ever, produce an alteration in the reaction velocity, but, as pointed 
t>ut above, it is at preteut unoertaiu whether this is the result of 

:i -a* 0 
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an alteratiou in it,, tli« activating radiation density, or due to 
an alteration in v equivalent to an alteration in the activating 
radiation frequencies and the mechanism of the reaction, or to 
both factors. 

It is, however, quite possible to increase the density of the 
activating radiation, v, by illumination with radiation of the 
correct wave-length, \ = l-9 /i. In the course of time, this radiation 
will be absorbed, and the energy will be equally distributed over 
the whole spectrum, resulting in an elevation of temperature, but 
if the reaction is truly photochemical and selectively absorbs 
radiation of this frequency, a marked acceleration in the reaction- 
velocity should result without an appreciable rise in temperature. 

To test this point, a scries of preliminary experiments was con- 
ducted on the rate of hydrolysis of methyl acetate dissolved in 
dilute hydrochloric acid and exposed to infra-red radiation; the 
velocity-coefficients obtained in this way were compared with the 
normal values obtained from identical solutions maintained in 
the dark. 


Experimental. 

As a source of iufra-red radiation, preliminary experiments 
indicated that an arc lamp was unsuitable, since, although the 
carbon spectrum lines could be maintained at fairly unifom 
intensity, the infra red portion of the spectrum (produced by the 
hot vapours) fluctuated in intensity. A uniform, although rela- 
tively feeble, infra-red Imam was obtained from a small bundle 
of the oxide filaments commonly employed in the Nemst glow- 
lamp. A number of exjKjrimeuts were likewise conducted with » 
nichrome spiral raised to C00=; the relatively large quantity of 
non-radiant heat provcl, however, to be a serious disadvantage. 
The sun was found to 1* the most convenient source of suitaUe 
radiation. In all cases, the si>ectruin was obtained by dispersion 
through a simple optical .-ystem of lenses and quartz prism, a sail 
prism not being av.ailablc. No attempt was made to select any 
narrow spectral l*am, but that part of the spectrum was employ-^ 
commencing with the portion of the re<i just beyond the vuibl. 
and stretching to an indefinite extent into the iufra-red. « 
eliminate as far as poe-iblc the material absorption of the radia- 
tion and thus iniriimiso the di.--sipaUou of the energy a.-- 
the methvl acetate was ilbumnato.1 directly with the radiatio 
without the intervention of any glass. The solution ’ 

hvdrolysia was coiitaiue-l in a 100 c.c. beaker ~vered °u th o 
side with tinfoil, a similar boakor conUming the conlro 
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Both beakers were maintained at uniform temperature by 
immersion in a thermostat or in broken ice and water. The 
temperature of each solution was continually observed, and samples 
{or analysis withdrawn at simultaneous intervals for titration with 
0 ' 054 il^‘baryta. In all respects, except for illumination, both 
solutions were maintained under identical conditions and treated 
in the same manner. 

In the following tables are given the data of a number of 
experiments and the velocity-coefhciente therefrom. 


Illuminant: Nernst Filaments. 

Acid: 0'1987ir-HCl. k calculated as a unimolecular constant. 

(h) 

Time. Control. Illuminated. 



Min- 

Tempera- 

Titre. 

Hrs. 

utes. 

ture. 

C.c. 

1 

55 

21-75^ 

7-36 


9 

. — 

7-50 

2 

39 

21-75 

8-22 

3 

4 

— 

8-34 

4 

13 

2i-:.7 

8-SO 

5 

at 

25 

- 

9-48 

J.7-19 

(II,) 

12 

40 

20-9 ■ 

7-.30 

12 

1 

65j 

22-3 

t:m 

14 

23-4 

:-37 

1 

31 

23-7 


1 

40 

249 

8-01 

2 

14 

24-.5 

8-16 

3 

10 

is-3r. 

8-')! 

4 

a 

45 

18-3.5 

9S4(?] 

n-40 

in.) 

Time. 

Til re. 

C.c. 


Min- 


Ilium - 

Hr. 

utes, 

C»>ni r'>l. 

inated. 

9 

35 

609 

G09 

9 

49 

6-21) 

625 

10 

7 

6-50 

6.57 

10 

49 

7-08 

7-3S 

11 

49 

Till 

7-67 

1 

cc 

0 

8-4G 

I2'2l 

8-79 

!2-2l 


T'^rnpera* Titre. 


i-XlO*. 

turo. 

C.c. 

itxl0«. 

— 

21-75' 

7-36 


12-71 


7-76 

38-79 

23-16 

21-80 

8-54 

36-81 

22-46 

— 

8-64 

25-77 

14-10 

21-80 

.8-83 

14-39 

1.7-07 

-- 

9-.70 

1.5'24 

— 

— 

15 19 

— 




2M' 

7-20 (?) 

2600 

7-39 

22.3 

7-45 

3107 

6-00 

23-7 

7’C5 

41-35 

9-26 

23-85 

8-00 

4109 

25-22 

24-7 

8-38 

41-69 

(Time 

2 hfs. 4 mins.) 


20-54 

24-2 

8-o< 

- — 

24-27 

lS-2 

910 

40-15 

41-94 

17-9 

9’ 35 

41-94 

— 

_ 

11-40 

— 


I’omperaturo. 

J;;xI0^ 


Illum- 


Tlluin- 

Control, 

inated. 

Control. 

inated. 

21-70 

21-70 


Dark. 

21-70 

21-70 

19-GG 

19-66 

21-30 

21-30 

20-04 

26-22 

21-20 

212.7 

22-99 

30-83 

20-75 

20-75 

IC'42 

18-21 

20-7.7 

20-80 

23-39 

27-78 

20-7.7 

20-75 

— 

— 
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Illuadnant: Sunlight. 


Time. 

TemperfttuTe. 

Titre. C.c. 

IXlO*. 



Min- 

Con* 

Ilium* 

Con- 

Illum- 

Con- 

Ilium* 

Remarks. 

Hrs. 

utes. 

trol. 

inated. 

trol. 

inated. 

trol. 

mated. 

1 

28 

1'0° 

10° 

7-20 

7-20 

— 

— 

— 

1 

39 

0-5 

0-6 

7-22 

7-23 

4-99 

8-47 

— 

1 

51 

0-0 

00 

7-23 

7-25 

4-46 

6-82 

— 

2 

3 

0-0 

00 

7-26 

7*30 

4-39 

6-86 

— 

2 

13 

0-0 

00 

7*28 

7-31 

4-34 

6-28 

Sun clouded. 

2 

29 

00 

00 

7-30 

7-35 

4-23 

6-26 

• — 

2 

51 

10 

10 

7*34 

7-38 

4-34 

6'75 

Sim clouded. 

3 

52 

4-0 

4 0 

7*48 

7'54 

4-39 

6-47 

— 

« 


— 

— 

1106 

11 06 

— 

— 

— 


Illuminant : Sunlight and Nichrome Coil. 


Temperature. Titre. C.c. 


Hrs. 

Min- 

Control. 

Sun. Nichrome 

. Control. 

Sun. 

Nichrome. 

1 

50 

40' 

4-0' 

140 

7-10 

7-10 

7-10. 



20 

40 

11-0 

7-13 

7-15 

7-17 

2 

12 

1-5 

2-5 

11-5 

7-18 

7-28 

7-35 


23 

1-6 

2*0 

110 

7-23 

7-28 

7-37 

2 

63 

1-5 

2-5 

11-0 

7-25 

7-30 

7-62 

3 

U 


2-5 

11-0 

7-25 

7-30 

7-67 



1-5 

2-5 

110 

7-70 

7-81 

8-49 




— 

— 

13-29 

13-29 

13-29 

Time. 


iXlO*. 



Nichrome calculated 



. — 

- 



on temperature 

Hra. 

utes. 

Control. 

Sun. 

Nichrome. 


basil. 

1 

50 

3 84 

— 




— 

2 

3 

4-89 

12-21 


18-97 


9-02 


12 

4 03 

12-29 


18-49 


12-23 

2 

23 

3 80 

7-41 


13 48 


11-90 

0 

63 

2-37 

5 34 


13-82 


9-19 

3 

14 

4-05 

3-34 


9-61 


5-73 

6 

9 

— 

4-85 


10 12 


5-27 


It is evident that the illuminated methyl acetate is hydrolysed 
much more rapidly than that maintained at the same temperature 
in the dark. 

That the variability in the velocity coefficient of the illuminated 
reactant* is chielly due to an alteration in the intensity of tie 
infra-red radiation wa* evident from the obvious alteration in the 
intensity of the sunlight by the jiassage of clouds. To control 
this factor, experiment* were conducted in which the rate of 
liberation of iodine by catalytic atmoepherio oxidation from 
acidified potassium iodide was simultaneously measured, Thij 
reaction is a typical photochemical one. It is evident from t e 
following figures that the same factor, namely, the radisno" 
intensity, affects txrth reactions, an alteration in the 
coefficient of one reaction coinciding approximately with a simisr 
alteration in the other. 
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Illuminant: Sun. Temperature, 0°. 


Hrs. 

2 

2 

3 

3 

3 


me. 

Control. 

lUuiniiiated. 

Milligram of 
iodine liberated 

Mms. 

Titre. C.c. 

ixlOV 

Titre. C.c. 

ifcxio*. 

per minute. 

35 

6-75 

1*87 

5*75 

— 

— 

61 

6-77 

2*06 

5*85 

9-92 

0-0043 

s 

5-81 

3-70 

6*86 

4-11 

0*0025 

33 

6-88 

4*36 

5*90 

4-39 

0*0025 

61 

5-95 

11*85 



5-97 

11-85 

5-99 

0-0030 


It a g^Tn pd possible that tb© radiation, falling on the surface of 
the methyl acetate solution, would produce a local rise of tempera- 
ture, and that the heat would be carried by conduction to the 
walls of the vessel before the whole body of the solution acquired 
a higher temperature; thus local rapid hydrolysis might be pro- 
duced. This possibility was, in reality, remote, since the solution 
was frequently agitated, and no difference in temperature was 
observed. Nevertheless, it was thought desirable to test this point 
experimentally. A small vessel containing oil, which could be 
maintained at any desired temperature by means of an electric 
resistance immersed in it, was lowered just under the surface of 
the methyl acetate solution, and sufficient energy was supplied to 
the oil to maintain the methyl acetate aliout 0 5° higher than the 
control experiment. 

The velocity-coefficients obtained in this way agreed very closely 
with those calculated from the control exixriments after correction 
for a rise in temperature of 0 C°. as is evidenced from the followiiic 
values : 


It X 10* observed . 
JtX 10* calculated. 


213 3-9S 3-73 3 <J2 3 96 

2- 13 3 99 3-73 3-80 3 96 


From these ex|>eriment3. it would seem that the hydrolysi.* of 
methyl acetate is in reality accelerated by irradiation in the infra 
red portion of the spectrum, an interesting examide of infra-red 
photochemical action; furthermore, that this sioectral region is the 
region of activity anticipated by tbe application of the activatioa 
and quantum theories to chemical change. 

It is hoped to continue an<l extend these ex|-)ermients in lie 
near future in order, if possible, to elucidate the meohaiiism ol 
the catalytic activity of the acid employed. There are two tenable 
theories to explain this catalytic a.divily, either by an mcrew 
in the activating radiation density or Ijy an altcralioii m t e 


mechanism of the reaction. , 

Although the above exiierimenlal data, limited to one soi 
centralion. are too limitesl to draw any dcllnite conclnsion, i ■ » ^ 
appear probable that the second hypothesis, namely, an a 
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in the meohaniam of the reaction, that is, the intermediate- 
nojnpound theory of catalysts, is the correct one 
It will be noted that during the first period of illumination 
there is a very remarkable increase in the velocity-coefficient, and 
that subsequently the rate of reaction diminishes to a fairly 
constant value, which is, however, still greater than that of the 
unilluminated sample. 

This phenomenon is not reatlily intelligible on the assumption 
of the action of the acid as affecting a simple increase in the 
radiation density, since a further increase in the radiation density 
should increase the reaction velocity pro rata. On the inter- 
mediate-compound theory, however, the observed result is to be 
anticipated. 

Briefly, if the two reactions be represented by the following 
purely hypothetical equations: 

(i) CH,'CO,Me-tHjO z: MeOH + CH,'CO,H 

(ii) CH,-C0.pte-tHCI-tH20— CHj-COjMc.HOI.HjO 
CH,-COjMe,HCl,H,0 =: MeOH + CH,’COjH + HCl. 

the rate of decomposition in each case being unimolecular in excess 
of water, then the first reaction-velocity is governed by the rate 
of activation of the methyl acetate to react with the active water, 
and the second by two reactions, namely, the rate of activation of 
the methyl acetate to react with active hydrochloric acid, and by 
the rate of activation of the complex to break down into the pro- 
ducts of the reaction. The rate of any sequent reaction is always 
tioverned by the slowest of the intermediate reactions; thus, if 
we assume the slowest one in this case to be the decomposition of 
the complex, then illumination with a particular frequency of 
light will accelerate the decomposition of the complex, so that the 
reaction-velocity will then be governed by the next slowest reac- 
tion, which we have assumed to be the combination of the methyl 
acetate and hydraterl hydrochloric acid. This reaction, however, 
lakes place more rapidly than the combination of methyl acetate 
and water. On this hy|X)thesis of series reactions, the primary 
acceleration on illumination i.s to Ise attributed to the rapid decom- 
position of the complex, ivhich is present in relatively large quanti- 
ties, since it break.s down but slowly; the primary accelerates, then 
falls off until the normal rate of the next slowest reaction sets in. 


isnmmarif. 

Preliiiiiiiary experimonts have indicated that the hydrolysis of 
nethyl aceUte is catalylically accelerated by infra-red radiation. 

3 B 
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The spectr&l region of photoaotivily ia in agreement that 

calculated on the activation and quantum theories of chenucal 
action. 

The experimental data obtained are most readily interpreted 
on the intermediate-compounds hypothesis in the case of the 
hydrolysis of esters by dilute acids. It is proposed to extend these 
experiments in order to obtain further information as to the 
number and nature of these intermediate compounds, and to 
examine the spectral region of their activation in more dfetail. 

TTntvebsitt of Illinois, tJ.S.A., anu [Itecetved, JvXy 1920.] 

TniNirY Hall, Cambmdoe, 


CXL.— r/ie Action of Chlorine on 3 : 5-Dichloro- 
1 : l-dimethyl-ii'^-'-cjchliexadiene. 


By Leonard Eric Hinkel. 


I.N the study of the conversion of hydroaromatic derivatives into 
compounds of the aromatic series, the action of bromine on 
3;5-dichloro-l;l-diraethyl-A2:b(,.yc/ohexadiene was fully invcsti- 
gated (Crossley, T., 1904, 86, 264). It was shown that the reac- 
tion was largely intluenced by condition of e.xperiment, 2 molecules 
of bromine giving rise to a viscid liquid, which, on distillation, gave 
3 : 5-dichloro-4-bromo-o-xylene and a crystalline solid, CjlljCljEij, 
presumed to be dichlorotribromodimethylcj'rfohexene, 




On the other hand, 1 molecule of bromine gave as principal pro 
duct 3 :o-dichloro-G-bronio-o-.xylene. Explanations of the produc 
tion of the various substances are suggested in the original paper 
but as several points remained to be cleared up, the work wa: 
repeated, using chlorine insteail of bromine, in the hope that mon 
light would be thrown on the mechanism of this type of reaction. 

When 3:5dichloro-l:ldimethyl-i2<-cycfohexadiene is treatw 
with chlorine, the product consists of a viscous syrup, which yield: 
a small quantity of a crysUlline solid, CsIInClii. The syrup) 
filtrate from the crystals yields, on distillation, the two isomerii 
trichloro-o-xylenes, and also tetrachloro-o-xyiene. The compount 

CsHuCl i.s evidently a pfntachloroJimelh;f!oyc\ohtJrenf, corrwpcn 

inv with and formed in a manner similar to the dichlorotnbroin ^ 
dimethylcycfohexene described by Crossley (loc. cif.), and m ik 
manner accounts for the formation of 3 :4 i5-trichloro o-xy ene 
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th« filtrate from the crystals, since the pentsohloro-compound 
decompo®*® on heating into 3 : 4 ; fi-trichloro-o-xylene. The foriii- 
ation of pentachlorodimethylcyclohexene does not, however, account 
for the production of cither 3:3: S-trichhmxi-xylent or tetrar 
chloro-o-xylene. The action of chlorine on dichlorodimethylcycfo- 
hexadiene must be more deep-seated, since 100 grams of the latter 
yield only 28 grams of pentachlorodimethylcyrfohexene, 18 — 20 
grams of 3 :5 ■ 6-trichIoro-o-xyleiie, and 10 — 12 grams of a mixture 
of 3,'4:5-trichloro-o-xylene and tetrachloro-o-xylene. Moreover, 
when 1 molecule of chlorine acts on dichlorodimethylcycfo- 
hexadiene, the resulting liquid always contains a considerable 
quantity of the unchanged original compound, together with 
3:5-di- and 3 :5 :6-tri-chloroxylcne3; the yfeld of 3 : 5 : 6-trichloro- 
o-xylene is small, being only 16 ~18 grams from 100 grams of 
dichlorodimethylcJ/cfohexadicnc. The product of the action of 
one molecular proportion oi chlorine on dichlorodimethylcyclo- 
hexadiene is probably tetrachlorodimethylcyclohexene (I); this 
substance is unstable, and very readily evolves hydrogen chloride 
even at low temperatures, probably forming a Uichlorodimethyl- 
cyclohexadiene (II), wliich then slowly loses another molecule of 
hydrogen chloride, yielding 3 :5-dichIoro-o-xyIene (III). A com- 
pound of formula IT would combine with 1 molecule of chlorine, 
in a manner similar to dichloroflimethylcyclohexadiene, yielding 



(VI.) 


(VII.) 

3 B»* 2 
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an unstable substance (IV), from which, by loss of 1 molecule of 
hydrogen chloride, 3 : 5 : G-trichloro-o-xylene (V) would result. 

The formation of tetrachloro-o-xylene can be explained by sup. 
posing that with e.\'cc.ss of chlorine the two compounds II and IV 
are successively formed, and that more chlorine combiuee with IV, 
yielding an unstable substance having the fomiiila VI, which 
immediately loses hydrogen chloride, giving rise to tetrachloroo- 
xylene (VII). 

The only point to be decided is the position of the chlorine atoms 
in the two possible trichloro-o-.xyleues. 3 •. 4 ;5-Trichloro-o-xy!ene 
was therefore synthesised from o-t-xylidene, which was chlorinated, 
and the amino-gronp then displaced by chlorine. The 3;4:5-tri- 
chloro-o-xylene obtainerl in this way melted at 96°, and its molt 
ing point remained unchanged when mixed with the substance 
obtained by healing pcntachlorodimethylcycfohexene. Conse- 
quently, the other trichloro-«-xylene must have the chlorine atoir.! 
in the 3:5; 6-po?ition. 

Both the trichloro-o-xylenes yield on further chlorination the 
same tetrachloro-o- xylene, melting at 223- -224°, which was 
identical with the compound obtained by the action of nitric acid 
on pentachlorodimetbyb'vcfohexcne, and also with the substaiioc, 
melting at 223 — 224°, isolated in the distillate obtained from the 
filtrate from ]>eiitacbloro<liinelbylci/ff<)hexene, 

3 ;4 ;5-Trichloro-o-.xyleiie on broniination readily yields 3:4:5- 
triMoro-(i-hromo-a-xijUnt, but on brominating 3 : 5 : 6-trichloro-o- 
xylene in a similar manner, an unexpected reaction takes place, 
giving rise to 3 '.o-dicbloro-t ;C dibromo-w-.\ylene, and not 3:5:6- 
trichloro-4-bromo-o-xylene. 

Both the trichloro-o-xylcnos resemble the dichlorobromo-e- 
xylene.s in tlicir teehaviour towards nitric acid. Thus, 3;4:5tri' 
chloro-o-.xylcnc gives with fuming nitric acid 3 : 4 :5-tririifcro-6' 
nitro-o-.r<jUiie, wherea.s 3 ;.5 : C-trichloro-o-.xylene under similar 
treatment gives 3 ;5 dichloro-1 ; 6 dinitro-o-xylene. 


E X r E ll 1 M K N T A I.. 

A rfiwv of K of Cbhfrinc on Z :o- Diehloro-l 
b- *-cyc\ohr nulicne. 

Seventy grams of freshly )ncpared dirhlorodinicthylrjd^ 
hc.xadione were dissolved in Tt) grams of dry chloroform, and a 
rapid stream of chlorine was passed in, the whole being cooW n 
icr- Hydrogen rbloride was immcsiiately evolved, and mb* 
((Ueiitly in torrents. After saturation with chlorine, the cMm® 
form was evajjorated on the water-bath, and the viscid, )'« 
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liquid was placed in a vacuum over sodium hydroxide, when it 
gradually deposited colourless crystals. These were collected 
(18'5 grams) (filtrate =-l), and, alter being rapidly washed with 
light petroleum, purified by crystallisation from alcohol (Found; 
CI=62’62. CgHgClj requires Cl=62-83 per cent.). 

3 ; 3 : 3 : 4 : 5-/'e«facfiloro-l : i-dimtthyl-^?-cydohexene, 

is readily soluble in the cold in ether, chlorofonri, acetone, benzene, 
or methyl and ethyl alcohols, and in light petroleum on warming. 
, crystallises iji stout, prismatic needles melting at 103'5°. 


Acii(yn of Heat on l*enUichlor(>dimeth>fh'^c\ohexene, 

The substance was heated at 120—130° in a sulphuric acid bath, 
hen it melted to a colourless liquid, and copious evolution of 
ydrogen chloride occurred. The liquid was then removed from 
le acid-bath and heated more strongly until no further evolution 
f hydrogen chloride occurred and the liquid began to boil. The 
Dsidue solidified on cooling, and waa crystallised from alcohol 
Found: Cl=51'16. Calc.: Cl =50‘83 per cent.). 

3:4 :5-Trichloro-o-xylene is very readily soluble in ether, chloro' 
orm, benzeJie, light petrolemn, or hot alcohol, crystallising from 
he latter in nia^'ses of felt-like needles, wliich, on pressing, form a 
ifaxy mass melting at %°. Tt distils unchanged at 261°, is volatile 
II steam, and is evidently identical with the compound described by 
?Uus and Kautz (/fcr., 188.5, 18, 13691, who give m. p. 93° and 
3. p. 265° 

On chlorination and bromiuation in the presence of iron, it 
nves, reepectively. 3:4 ; 5 : 6 tetrachloro-<K':y]ene melting at 
223—224° (p. 1300) and 3 : 1 :5-frichloro-C-broino-o-xylene melting 
it 226° (p. 1300). Fuming nitric acid converts u into 3:4;5-tri- 
ehloro-G-nitro-o-xylene melting at 149° (p. 1301). 


Action of Nitric Acid on Pent(ichlorodiinfth>jlcyc]ohfj:ene. 

Five grains of the ryr/ohexeiie derivative were heated with 
40 c.c. of fuming nitric acid over a water-bath. A vigorous action 
ensued, and, after heating for ten minutes, the contents of the 
flask were poured into cold water. The pasty solid was collected, 
Vi’ashed with water, and, after three crV'^talU.^atioiis from ethyl 
acetate, the needles melted at 223—224°; the melting point 
was not altered on mixing with 3:4 :5 :G tetrachloro-o-xylene 
(P- 1300) (Found; Cl-58-4. ' Calc.: Cl = 58'19 per cent.). 



1300 


HINKEL ; THE ACTION OE CHLOEINE ON 


Examination of Filtrate A (p. 1299). 

The liquid was heated in a distilling flask to 140° wid gradually 
raised to 180°; a copious evolution of hydrogen chloride occurred. 
The liquid was maintained at 180-200° for one tour and then 
vently distilled, three main fractions being obtained boiling at 
225—245°, 245—260°, and 260—270°. The first two fractions, 
which partly solidified on keeping, were subjected to eyeful and 
repeated fractional distillation, and the mam fraction, b. p. 

230 240°, solidified completely, on cooling, to a colourless, crystal- 

Une mass’ which, after being crystallised several times from 
alcohol, m’elted sharply at 47'5°, and con.sist^ of 3 : 5 : 6-fncW^„. 
o-xyhne (p. 1302) (Found; Cl=50-99. C^HjCl, requires Cl = o083 

'^m^'riidue of higher boiling point was added to the third 
fraction (b. p. 260-270°), and on submitting the mixture to 
repeated fractional distillation, two main fractions, b. p. 255-265“ 
and 275— 280°, were obtained. These were subjected to repeated 
fractional crystallisation from alcohol, and then from ethyl acetate, 
in which the fraction of higher boiling point is less readily soluble, 
and a partial separation was effected yielding two substances, one 
crystallising from alcohol in felt-like needles melting at 96°, and 
at the sa^e temperature when mixed with 3:4: 5-trichloro-»- 
xvlene (p 1°99) the other crystallising from ethyl acetate m long, 
'transparent 'needles melting at 223-224°, and at the sam, 
temperature when mi.xed with 3 : 4 ; 5 ; 6-tetrachlor>oxylene 
(below), 

AcUm of Chlorine on 3 ; 4 : . 5 -rn>/,/,.ro^r,v/rnc ; FormaUm of 
3:4 :b:^ Tftrtirhhro-o~.iyh'iie (VH). 

Two grams of the substance were dissolved in 10 c.c. oi dry 
chloroform, and chlorine was rapidly pa.^sed into the solnt.on ,n 
the pr«>em. of a small quantity of iron filings. On wariniu^ ;U 
stitution readily took place. The, chlorotorm was evaporat d a 
the residue crv'stallised from ethyl acetate. The snlislance n e 
Idi'^lnble in ether, and readily so in chloroform, hot alrf, 
or ethyl aceUte, crystallising from the latter in long, . end . 
glistentog ne^lk^ melting at 223-224° (Clans and Kautz, 
cif., give 215°). 

Action of Bromine on 3 A -.^-Trichlor^^o-xyUne : FcrrmAtm o! 

3 : 4 -.o-Trkhloro-^hromo-crxylene. 

The sulistanoe wa« dissolved in a small 
and bromine added in the presence of iron fihnga On 
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substitution took place, and the sparingly soluble bromo-derivative 
separated. The chlorofonn was evaporated and the residue dis- 
solved in benzene, the solution being washed with water, dried, 
concentrated, and allowed to crystallise (Found; Cl=36'67; 

Br = 28'05, CgHjCljBr requires Cl=36'92; Br=27'73 per cent.). 

The compound is readily soluble in ether or benzene, sparingly 
so in chlorofonn or alcohol, and crystallises from ethyl acetate in 
slender, .glistening needles melting at 226®. 

Action of Nitric Add on i-.A-.^-Trichloro-o-xyUnc: Formation 
of 3:4: h-Trichloro-fi-nilro-o-xyUne. 

Four grams of the substance were gradually added to 40 c.c. 
of fuming nitric acid and wanned on the water-bath for twenty 
jninutce, when the solid gradually dissolved. The mixture was 
poured into water, and the separated solid crystallised from 
alcohol, in which it is sparingly soluble (Found; N = 5’436. 
CjHjOjNClj requires N = 5 o per cent.). 

The compound is readily soluble in ether, acetone, benzene, 
chloroform, or light |)etroleum, and moderately so in hot alcohol 
or hot glacial acetic acid; it crystallises from alcohol in stout, 
transparent crystals posseadiig a slight yellow tinge, and melting 

at U9®. 

Synthesk of 3 -A -.o-Trichloroo-Tyhce. 

o-4-Xylidine was acetylated and chlorinated as described by 
Croesley ijoc. cit.). Three grams of the re.sulting 3 ; 5-dichloro- 
o-4-xyUdine were suspended in 15 c.c. of concentrated hydrochloric 
acid, in which it is not soluble in the cold, a solution of lb grams 
of freshly prepared cuprous chloride in 15 c.c. of concentrated 
hydrochloric acid was added, and a solution of I T grams of sodium 
nitrite in the least amount of wabsr dropped into the mixture, 
which was heated on a water-bath to 60 — 70®. After one hour, 
the whole was distilled in a current of steam, when a solid passed 
over which melted at 82®. After recrystellising twice from 
alcohol, the crystal.-* melted sharply at 96-. and the melting point 
was not changed when the substance was mixed with the trichloro- 
o-xylene described on p. 1299. 

■Ulioti of One Holeeidor Proportion of Chlorine on 3 .o-Dichloro- 

1 : i-dimethyl-i.' *-CKc\ohf.i(tdime. 

Dichlorodimethylcyi-fohe.xadien6 (1 mol.) was dissolved in twice 
its weight of dry chloroform, and the solution cooled in a freezing 
mixture of ioe and salt. Chlorine waa passed into the mixture, 
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and the hydrogen chloride, which was immediately evolved, 
absorbed in a aoda-lime tube. The passage of chlorine was stopped 
when the increase in total weight of the apparatus was equivalent 
to one molecular proportion of chlorine. On evaporating the 
chloroform, a pale yellow liquid remained which showed no signs 
of crystallisation, even after remaining for a long time in a vacuum 
over sodium hydroxide. The liquid was heated to 150 180° for 

one hour, when much hydrogen chloride was evolved. The liquid 
was then distilled, and a clear, yellow liquid, boiling between 215° 
2 ind 241°, passed over. The liquid was submitted to careful and 
repeated fractional distillation, and three fractions, boiling at 
217 220°, 222 226°, and 228—233°, were collected. 

Fraction b. p. 217— 220°.— This liquid, when left in the air, 
rapidly darkened and resinified, and when hydrolysed with 30 per 
cent, sulphuric acid yielded dimethyldihydroresorciu, showing that 
it contained 3 : 5 -dichloro-l :l'dimethylc'q'7ohe.\adieue. 

Fraction h. p. 222—226°. — This liquid could not l)e separated 
into a portion boiling constantly at 226° (3 : 5 dichloro-o-xylene). 
When treated with bromine in the presence of iron filings, it gave 
3;5-diehloro-4;6-dibromo-o-xylcne, which, after crystallisation 
from ethyl acetate, melted at 233° (compare Crossley, loc. cil., 
p. 284), and on nitration gave 3:5-(lichloro-4 :6-dinitro-o-xylene 
melting at 173—174°, and identical with the compound obtained 
by the action of nitric acid on 3 ;o :6-trichloro-n-xylene (p, 1303). 

Fraction h. p. 228— 233°. -The liquid almost entirely solidified 
on cooling. The crystals were collected and the filtrate was dis- 
solved ill wanu alcohol, and the solution cooled in ice, when a 
further yield of crystals was obtained, which, after crystallisiiis 
several times from alcohol, melted at 47-5°. This melting point 
was not altered when the substance was mixe<l with 3:5: G-trichloro 
o-xylene (p. 1300). 

3 -.5 :5-Trich!oro-o iplenc is readily soluble in the cold in ether, 
benzene, chloroform, light petroleum, or ethyl acetate, crystallises 
from methyl or ethyl alcohol in short, colourless crystals, and can 
be distilled unchangeei. It is readily acted on by chlorine in the 
presence of iron filings; the solid prmluct. crystallises from etini 
acetate in long, glistening neeilles melting at 223 214 , and is 
identical with 3 :4 :5 :6-tetrachloro-o-xylene (p. 1300). 


Action of Brtrjrtinr on 3 'Ai-Trirhioro-o-xplcne. 

Two grams of the sulwtance were dissolved in 10 c.c. of dr? 
chloroform, and excess of hroiniiie was added in the pre'cnw “ 
iron filings, tin warming, sulastitutioii takes place readily. 
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solid product crystallised from ethyl acetate in loug, silky needles 
]nelting at 333°, and this melting point was not changed when the 
substance was mkcd with 3:5-dichloro4;Cuiibromo-o-xylene 
(Found: CI=2I'65; Br=47-63. Calc.: Cl=21-32; Br=i8-06 
per cent,). 

Action, of Nitric Acid on 3:5:^-Triehh)ro-o-xylmc. 

Five grams of the substance were slowly added to 30 c.c. of 
fuming nitric acid and wanned on the water-bath, when the solid 
dissolved, after which a rather vigorous action took place. The 
heating was continued for twenty-five minutes, the mixture poured 
into cold water, and the separaletl semi-solid, after being washed 
with warm water, crystallised from alcohol. Considerable difBculty 
was experienced in purifying this material by means of alcohol, 
Slid it was therefore twice recrystallised from light petroleum 
(b. p. 40—60°) and finally from alcohol. The flat plates obtained 
in this way melteil at 174°, and were identified as 3 ; 5-dichloro- 
4:6-dinitro-o-xylene (Crossley, he. dt., p. 284) (Found: N = 10-51. 
Calc,: N = 10 o6 per cent,). 

The author wishes to e.xpre,-s his indebtedness to Colonel A. \V. 
Crossley, C.M.G., for suggesting the above investigation and tor 
much valuable help and advice tliroughoul; thanks are also due 
to the Research Fund Committee of the Chemical Society for a 
grant which has, in part, defrayed the expenses of this 
investigation. 

Chemical Departmbnt, 

King's College, Loxoon. [Itecrivfd, Septmber 1920.} 


eXLL— TVie KJect of Asymmetry. A Study in 
Crystal Stmclure. 

By Tho.mas Vipond Barker and Mart Winearls Porter, 

oMPARATivE studies of moro or less closely related organic com* 
ounds abound in the literature of crystallography; in fact, the 
ttempt to trace socAlled “inorphotropic resemblances ’ may be 
3garded as one of the distinctive features of crystallograpliic 
ivestigation during the last fifty years. Whilst such investiga- 
ions have added extensively to the general stock of knowledge, 
•ley cannot, unfortunately, be said to have led to the formula- 
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tion Of any general laws correlating chemical composition and 
crystalline form. At least one of the causes of this general failure 
Z been recently revealed as the result of the mveetigation of 
crystal structure by means of A'-rays. It is now cl^ that lb 
Bravais space-lattices do not always represent completely the struc 
ture of a crystal, for something like 70 per cent, of the st^ctures 
already elucidated by A-ray methods consist of several inter- 
penetrating space-lattices, that is, of “point sys^ m the sense 
Sohncke, Fedorov, and Schonflies. Crystal structure is thereby 
proved to be a subject of great comple.vity, and much fmther 
Lestigation is evidently neediyl before general laws can be 

^°ae' oWect of the present research was to ascertain whether a 
definite similarity may exist between the crystalline forms of Wo 
closely related organic substances, one of which diffem from the 
other in posse.=siug an asymmetric atom. The kind of similarity 
souvht was of that definite degree which exists between isomorphous 
sutetances rather than that vaguely implied by a morphotropic 

resemblance.” ... i r , 

In selecting materials for examination, it was necessary to fill 
a series of compounds in which the replacement of one radicle by 
another is not incompatible with an isomorphous relationshi^t 
least so lonv as the molecule remains symnietncal) before pro^. 

to inquhe whether a further replacement of radiclte by whict 
the molecule becomes asymmetric, is compatible with the survml 
of isomorphism. Now, experience shows that in series mvolvins 
the replacement of organic radicles, isomorphism is only to h 
found where the molecule is relatively large m proportion to tl. 
change of composition, and it therefore seemed probable that cm. 
pounds of the type H.NHgl:, (that is, '• double compounds o. a 
^aternarv aminonium iodide with mercuric iodide m the iitio 
^ n Sn which R mav represent either identical or different orgam 
radicles, should suitable for the end in view Such conipoujk 
having a pale to deep lemon-yellow colour, are known to crystal* 
well from acetone solutions. A cominoncement was therefore mac 
with a scries of compounds in winch R, is wholly represented by 
alkyl groups (<x»niparo Uble II. but no definite cases of isomorpba 
we™ eucountere-1 This is a fact of some significance, . 
trating the highly sensitive character of the relationship k 
form Ld cmnpontion: in .spite of the high W J, 

replacement of even a single uiethyl by a^n ^^^yl radicb mp 
al!o«t a fundamental change of crystalline form and tructu^^ 
The investigation of a still more complex groui 
necessary. The phenylalkylammonium compounds, ol d 
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1 Tj ■dv.mtTctT furnished clear cases of isomorphism. In 
table! Ae first member ia net 

succeeding compounds. The next three compounds, however, are 

oEr M^IShNH:! tol 

neculiarity. Although the compound Me.EtPhNHglj (ISo. 9 
d^ers froL the compound MeEt,PhNHgI, (No. 11) by an amoun 
™ible by CHs, it is much more closely isomorphous wrth rt 
Zn is the compound Me.PrPhNHgIs (No. 10), .n spite of the fact 
Ihat the last two compounds are isomerides. The similarity of 
angles between the first two mentioned compounds is, com- 

pafable with the close isomorphism met with m the sulphates of 
p“Lium, rubidium, cresium, and ammoinum. The isomorphism 
of the three compounds numbered 9-11 was ^ 

method which has been especially developed (T-, 1906, 

89 1120). Crvstal fragmenls of any one of be hree su stances 
continue to gr;w when pW in a saturated solution of either 
of the others, and thus satisfy one of the most “gid teis for 
isomorphism. Proceeding with the Uble, it - 
a marked change of form in passing from No. 11 to No. 12, differ- 
inv in comp^ition by CIL, but that the two coinpounds 
Et’phNH<rL (No. 12) and Et.PrPhNlIgl., (No. 13), also diSenag 
bv Cn„ are closely isomerphous-a conclusion which w^ conSrmed 
by the formation of regular growths when a crystal of one u 
immersed in a saturated solution of the other. 

The choice of the final materials wa-s, of course, dictated hy 
practical considerations. Asymmetry of molecular configuration 
i moet easily produced by the inclusion of a beniyl radicle, and 
the phenvlbenzylalkylammonium group of compounds represen ad 
by tL g;neral formula K.X(TI,Pli)PliN-Hgl,..., m winch asymmetry 
is involved by the selection of different R-groups, was therefore 
examined. The r«.ult.s of the crystallographic examination are 

summarised in Uble III. , 

A glance at the valu^ of the axial ratios is suffinent to show 
that the fimt substan«i has no really close relationship to t 
second and third compounds; moirover. the large 
the axial ratio f> :c o( the fourth suhstanre shows tliat t also 
stands alone. The relationships of the second and third * 
pounds (No. 15 and No. 16 of the table) deser^•e further noti«. 
The axial ratios and angle 0 differ by relatively smal amount, 
Ls indicating the pos.sibility that the two substance* 

isomorjihous. A comparison of the 
same way. In the me.hylelhyl denvative we have (0 I 
m{lin}, c{00U, -/(Oil), and r{2nll. w. h ^ 

developed ae small facets, whilst in the diethyl denvative 
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the same forma, but without 4(010) and o{100}. Since in the 
former compound theae two forma were but alightly developed, 
bheir absence in the latter ban no particular significance, merely 
indicating that one compound tends to present a richer form- 
development than the other. The coincidence of all the remaining 
forms, and, more especially, the occurrence in common of the form 
{201}, point to an identical space-lattice, and prove the suhstancee 
to be isomorphous, in so far as purely geometrical characters can 
do so. This conclusion is strengthened by the observation that a 
broken fragment of the diethyl compound, when placed in a 
saturated solution of the methylethyl derivative, immediately 
begins to grow, and eventually becomes a perfect crystal. 

The sole remaining question relates to the special chemical nature 
of phenylbenzylmethylethylammonium mcrcuri-iodide ; whether 
the crystals are dextro- and Imvo-enantiomorphs, or are racemio 
or pseudo-raoemic. As no trace of optical inhomogeneity was ever 
observed in crystals selected from various crops, and as the measure 
raents gave no indications of the wide variations of angle character- 
istic of pseudo-racemic crystals, it follows that the crystals are 
either truly racemic or, on the other hand, a conglomerate of the 
two enantiomorphs. In order to decide this question, three of the 
largest crystals, weighing approximately 2, 1’6, and 1 gram 
respectively, were powdered, and as rapidly as possible dissolved 
separately in about 20 c.c. of acetone, and the solutions immediately 
examined in the polarimeter. In no case was an appreciable 
rotation observed ; the crystals therefore presumably represent a 
true racemate. This conclusion was supported by etch-figures on 
the crystal faces, for they were in accordance with holohedral 
symmetry. 

The main result of this iiivestigatiou is to prove that racemic 
crystals of phenylbenzylmethylethylammoiiirmi mcrcuri-iodide are 
isomorphous with the corresponding diethyl derivative, althoujli 
the racemic crystals contain two kinds of asymmetric molecules, 
whilst in the diethyl derivative all the molecules are necessarily 
identically similar and symmetrical. 

Experimentai.. 

Prepiiratiim of Vumjmindt. 

The general method of preparing the compounds was as follows. 
The proper molecular proportions of the tertiary amine, altyl 
iodide, and mercuric iodide were warmed together with acetone 
until the whole was dis-solved, and the solution allowed to lemiin 
overnight. Crystals were usually obtained the following 
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although two or three roOTystallisations were sometimes necessary 
before really good crystals were formed. 

Some of the compounds prepared were found to be unsuitable 
for orystallographio investigation; the trimethylethyl and tri- 
Diethylpropyl compounds, for example, crystallise in needles. On 
the other hand, in some cases more than one compound is formed; 
thus, t^traethylammonium iodide unites with mercuric iodide in 
the proportions 1:1 and 2:3. With regard to the phenylaJkyl 
group, it was observed that increase of molecular weight lower^ 
the orystallisability of the compounds; sometimes five or six 
recrystalUsationa were necessary before sufficiently good crystals 
were obtained. The phenyldimethylpropyl and phenyldimethyl- 
ethyl compounds have a strong tendency to form needles, but after 
repeated recrystallisations they finally yielded some measurable 
crystals. In one and the same solution, phenyltriethylammonium 
iodide forms with mercuric iodide two compounds, which on 
analysis proved to be the 2:1- and 1 ; 1-compounds respectively; 
these were separated by hand. In the phenylbenzylalkyl group, 
the chemical combination of the various components was relatively 
dow ; several atterapU to prepare phenylbenzylethylpropyl- 
amnioiiium merouri-iodide were made, but a pure product could 
not be isolated. 


Ueiho(.l of AnaJj/sis. 

The method employed for the quantitative estimation of the 
mercury was that d 08 cribe<l by Marsh and Lye {A7ialy$tf 1917, 
42 , 84). The process is a modification of the method of estimating 
mercury by combustion with quicklime. Calcium oxalate is placed 
at the closed end of the tul>e. and after this a few grams of dry 
calcium sulphate and quicklime; next comes about 1 gram of the 
substance ground up with almut the same weight of potassium 
cyanide and a few grams of calcium sulphate and quicklime.* 
After this, 5 or 6 grams of a mixture- of calcium sulphate and 
quicklime are packed in, and the remainder of the tube is filled 
with quicklime. The vaporised mercury collected in a small 
flask of water. No calcium sulphate was used with the tetra- 
inethyl, phenyldimethylpropyl, and phenyldiethylpropyl com- 
pounds, It may be noted that more satisfactory' results were 
obtained with a tube longer than that recommended by Marsh 
ind Lye; the length of the t«l»e liefore drawing out should be 
ibout 50 cm. 

* In ibe case of the phcuylbeuzylalkylaiumouium group about a gram of 
slack copiwr oxide was mixed with the substance and the potassium cyanide 
was placed nearer the drawn-out end of the tube. 
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Method of Crystalloi/raphk Examination. 

A Fedorov two-circle goniometer was exclusively employed in 
the measurement of the crystals. Apart from iU other 
advantages, a two-circle instrument is especially useful for the 
measurement of laboratory products, the crysUls of which are fre 
quently of microscopic dimensions, since it necessitates only one 
adjustment of the crystal. The results were plotted on a Fedorov 
stereographio net, and the crystal system, it not immediately 
obvious, was deduced from zonal angles, graphically determined 
by the help of the three-point compass and stereographio net, and 
later confirmed by an examination of the optical properties. The 
crystallographic indices were determined graphically in every case 
by the help of the gnomonic projection. In order to avoid possible 
errors, the axial ratios have been calculated in two independent 
ways for every compound. First, by the method in common use, 
depending on the solution of spherical triangles, and, secondly, by 
Goldschmidt’s method {Zeitsch. Kri/st. Min., 1893, 21 , 210), based 
on the gnomonic projection. The crystal drawings were made 
directly from the gnomonic projection by the method devised by 
Goldschmidt {Zal^ch. Kr;,,!. Min., 1891, 19 , 352). Attention is 
esirecially called to this point, because the method does not appear 
to have come into general use. although experience proves it to be 
superior to all the other methods of drawing crystals. 

In the descriptions of the crystals, the conventional rules have 
been adopted [in the monoclinic system, for instance, the indices 
(010) have treen uniformly .issignesl to the piano of symmetry]; 
but in addition, the - coVrect setting" of the crystal according 
to Fedorov's methods, and his " complex-symhol," have been 
worked out in every case, and the ' transformation equations, ' by 
which the indices corre-spondiug witli Fedorov s theoretical ideas 
may be obtained from the conventional indices, are also givea. 
The desenptious consequently cont,ain everything necessary for an 
absolute identification of any of the compounds on any futm 
occasion by the method now generally known as " crystalle 
chemical analysis,” a dcscrii.t.ve outline of which already ten 
given elsewhere {.inn. ltejnirl.<, 1913, 10 , -45, , > " ^ 

1917 14 , '227)- s\n cxpl.anation of the meaning of the c ' 

-■transformation equations” and ' complc.x-symW' may well 
appended here, as not having l>cen previously given. 

The connexion tietwec-u the iud.oeu reprivseuting any lace o 
crystal when referred to two different sets of axes is most ^ 

veniently expressed by means of “ ik, 
which ono set of indices can l)C immediately deduced 
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other. Thus, in the case of the anorthic methyltriethylammonium 
inercuti-iodide (p. 1313), the new indices (pqr) of any face referred 
to the axes chosen hy Fedorov on structural grounds can he 
obtained from its indices (AH) when referred to the conventional 
axes by the equations; p=-lA + 0A+2f, y = lA + OA + 21, 
I■=1A + 2A• + 0A The numerical coefficients of hkl in these equa- 
tions are T02, 102, and 1^20 respectively, and the equations can be 
abbreviated to “trans. 102/102/120 ” — a form which is adopted 
jn this paper. 

The Fedorov " complex-symbol ” is an expression which indicates 
simultaneously both the type of structural arrangement and the 
characteristic angles of the crystal (if necessary, after a suitable 
homogeneous deformation or shear). The initial term of the 
symbol is the number 6, 4, or 3, according as the crystal is held 
to approximate most closely to a hexagonal, tetragonal, or trigonal 
(rhombohedral) form respectively. When necessary, this number 
is immediately followed by a letter, A, o, or d, respectively 
indicating, in Fedorov's phraseology, that the arrangement is 
"he.xahedral ” (that is, that of a simple space-lattice), “octa- 
hedral ” (that of a centred lattice), or “ dodecahedral ” (that of a 
facecentred lattice). Thus ih signified that the type of the struc- 
tural arrangement is that of a simple tetragonal space-lattice, 
whilst Zd indicates the face-centred trigonal lattice as being the 
structural type. All remaining terms of the complex-symbol are 
iraraerical constants, representing degrees of arc, which serve to 
characterise each crystal species. As descriljcd below, one of these 
numerical terms, expressing in general the value of the angle 
(alter a shear) between the correct basal plane and primary 
psramid, is especially important in Fedorov’s classification, so by 
way of contrast he encloses in brackets all other terms as are 
necessary to expres-s the angular deviations of the lattice from an 
ideal hexagonal, tetragonal, or trigonal form. Thus, in the symbol 
‘'{6)37S(-t 3),” the first term me.ans that the crystal approaches 
ideal hexagonal .symmetry, the .'ceond that the principal angle is 
37)“, and the third that the prism angle has the value 60“ i- 3“ 
instead of the value C0° proper to an ideal hexagonal lattice. The 
absence of any further term indicates that the system is ortho- 
rhombic. On tbe other band, in the symbol " (3A ; -t 2)58(0) we 
have a new kind of numerical term, namely, t-2, immediately 
ollowing the structural term 3A. This means that the angle 
etween two of the structural planes is not 90“, but 90 -i-2 , in 
'ther words, that the crystal is monoelinic with a value 0—92 . 
fhe last term, "(0).” refers. a.s Iv-fore, to the prism angle, and 
Deans that the deviation (from the ideal value of 60°) is nearer 
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0° than i°. The angles in the oomplea-symbola are only given to 
the nearest half degree, since this is the limit of accuracy of the 
graphical methods employed. 

The Fedorov complex-symbol derives its immense importance 
from two facts: first, unlike axial ratios, it is an unambiguous 
constant for each crystal-species, and, secondly, such symbols can 
bo readily classified in ordered form. In his “ IHetionary of the 
Crystal-Kingdom,” the publication of which by the Petrograd 
Academy of Science has been delayed by circumstances beyond its 
control, the late Professor Fedorov has classified all the existing 
data. All crystals belonging to the same type (say ih or 3d, and 
so on) are first brought together, and then arranged in order 
according to the value of the principal angle mentioned above. 
Any well-developed crystalline subsUnoe which has once been 
measured, and placed in the dictionary in the place required by 
its complex-symbol, can be identified on any future occasion, for 
it is only necessary to measure the crystal to be identified, deduce 
its coraple.x-svmlwl from the form-development, and refer to the 
dictionary for a statement of the chemical composition. 


A nnlj/tical and Cryslallo<jTaphk Detaih. 


Following is a detailed summary of the results of chemical 
analysis and crystallographic measurement of the various substances 
prepared. Although measured angles only are reproduced in this 
paper (the angles which served as a basis for calculation being 
marked with an asterisk'!, it may bo mentioned that the correct 
ness of the various iiidioee was checkeil by the logarithmic com- 
putation of the angular values demanded by the law of simple, 
rational indices, and that these computecl angles were in every 
case satisfactorily close to the measured angles. The omission of 
these computed angles results in a great saving of space and d(» 
not seem to us to involve the loss of anything essential to tie 
future usefulness of the crystallographic descriptions. 

TelramethplammnmHm Merruri-^oiltde, Me^NHgl,.— M. p. show 
200° (Found: Ug--30'43. Calc,: Hg = 30-.')3 per cent.). Ortho 
rhombic, a: t : c = 0-5777 :1 :0 ol99. Forms: 6(010}, »{100), 
m{110}, n(120}. r(001}, e{101}, p!ni), t{121}. Two distad 
habits were observed on crystals from acetone. The more uwil 
habit i.« shown in Fig. 1. The second habit is bipyrami a a 
tabular parallel to 6 {010). Following are the mean sngu 
values obtained from five crystals : 


Aeimuth(e) f 

Polar <^8tance,(f>) 


bioio;. «:i2o:. ciioi:. 

f 0"|0' ilO’ 4' 40°50' > * 

S9°69' 90" O'. 90" 2 69jfc 46 3 


p'l'li- 

89 " 69 ' 


(;t!t 

M'M' 

53 ' 51 ' 
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Cleavages : a{100}, fair; c{001}, imperfect. Optic axial plane, 
(({100} ; acute bisectrix, perpendicular to (001) ; wide axial angle; 
birefringence, strong; dispersion p>». 

Trans.; 100/001/010. Complex-symbol, (4;i)69( + 3). 

gethyltfiethylammmium MenurUndide, MeEtjNHglj. — M, p. 
104° (Pound: Hg=28'67. CjHjjNIjIIglj requires Hg=28'73 per 
jjnt). Anorthio, :c = M202:l :0-5578; a=102°55', ?= 
P56', y»108°25'. FormB:_t(010j, a{100}, m{110}, njllO}, 
llOj, IjSTOj, ?{011), *{011}, r{101). The common habit is 


Fio. 1. F>o. 2. Pio. 3. 



Titrmtlhylammonivm McOiyltrki'hyUmmmium TeirttOhylammonium 

mmtm-Miik, mercuTi’Wdiie. mmuri-iodide. 


slender prismatic, as shown in Fig. 2. Following are the mean 
angular values obtained from nine crystals: 



tjoio;. 

alioo:. 

ffllUO'.. 

«5iio:. 

itil50}. 


. 0* 0' 

•:o® 5' 

•32®I8' 

130® 40' 

i64°ir 

hlw distance (p) ... 

, 90® 0' 

90® 0' 

90® 0' 

90° 0' 

90® 0' 


ii2io:. 

7:on;. 

coii;. 

r:l011. 



, 104® 5' 

•4®29' 

1CS®32' 

28r43' 


Polar distance (p) ... 

90' 0' 

•4r2i' 

•19® 3' 

23''4l' 



Cleavages: m(llO) and «{110i, good. Optics: All the prism 
faces give oblique extinction. 

Trans.: f02/102/I20. Complex symbol, (4d; ±21)62(0; 0, !). 


Tetraethf/ammoitiiim MercuTiruyhdKt EtjNHglj. H. p. 110° 
(Found! Hg = 27-95. Calc.: ng=28-13 per cent.). MonocUnic, 
o:6;c=l-4826il:0-8192; /3 = 107°o5'. Forms. o(lOO), m{n0), 

c(OOl), r{201, cjlU}. The common habit is stout prismatic, as 

fWwn in Fig. 3. Following are the mean angular values obtmned 
fttim five crystals : 

ollOOl. mlllt'l. 'IMll- ’■'•"'I- 

Atimuth (») 90° O' 'SS'se' srtO' 2C8°58( *342 M 

Polar dUtanoe (p) ... 90° O' 90°^0' 17 54 39 66 40 39 
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Cleavages: a{100}, perfect; c[001), imperfect. Optic axial 
plane, J(OIO). An optic axis emerges nearly perpendicular to 
c(OOl). 

Trans.: 011/011/101. Complex-symbol, (4if; -14|)55(-6J). 
TetrMthylaimmonium Mercuri-icdide, OEtjNI.SHglj. — M. p, 

154° (Found: Hg = 31-94. Calc.; Hg = 31-98 per cent.). Tetra- 
gonal, c:<i= 0-8186:1. Forms: o{100}, m{110}, e{101), (f{201}, 
p{lll}, f(221}. The common habit of the crystals is shown in 
Fig. 4. Following are the mean angular values obtained from 
four crystals : 


Fio. 4. 


Fio. 5. 


Fio. 6. 



Azimutli {^) 

Polar distance (p) 


a;ioo;. 


.■;ioi:. 

diliOTf. 


s:22i: 

0° U' 

45' 0' 

0' 3' 

0^ 3' 

45" 3' 

45" r 

90' O' 

90' 8' 

39' 13' 

•58\3r>' 

4l)° 0' 

Cti’35' 


Cleavage: a{100|. gwxl. Double refraction, very strong; 
positive. Complex-symbol, (4/i)49“9'. 


rrUthyl-a-jrropylammonium Mfiiuri-imiuh, EtjPr'NHglj. 
M. p. 8.1° (Found: IIg-27-33. C,H..,NI,HgT.. requires 
per cent.). Monoclinic. «://:<■- ; 1 :0‘"359, ^=|9' 
Forms; a{100}, m|110), r{001}, «;[1011, r( 101 },_p(llll. 
habiU were oWrve<i, one of which ia shown in Fi". o. The seeon 
habit shows the pyramid /'(HI), and oflOO) is much narrow 
Following are the mean angular values obtained from fix crysa^. 


o| 100 :. mllio:, 

90" O' ‘tl’M' 
90' 0' 90' O' 


r;ooi;. f{ioi;. 

89M9' 89'59' 

7« 5' *37“61' 


r;Toi;. pt"' 
" 70 ' 4 ' 46 ' 39 ' 
" 27 ' 58 ' * 46 * 5 *' 


Azimuth (^) ..... 
Polar distance (e) 
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Cleavage: m(llO), perfect. Out; 
optic axis is visible through a( 1001 I 

add. ^ ‘he extreme edge of the 

ilr mTno}, ^“‘'“'JVoM^ ’ rtur Win 

habits were oWrved, one of which is shewn by Fil 'o 7h 
habit 13 stout prismatic with lar„^ .. • , , second 

- “» 4.1.. ':s 

£tSL.,;i::S? 3 « * S 

-8 DO •430 g/ 4f,0Jn/ 

Cleavages: jfOll}, fair; «{U0), imnerfect n .• 
i(OlO), and an optic axi'i is visibl#^ -u plane, 

of the field. «(100) on the edge 

Trans,: 110 / 110 / 002 . Complex-symbol, (4e; + 3 J) 50 (_ 2 ), 


Fw. 7. 


Fto. 8 . 


Fio. 9 . 



l^lk’JHpnpylamntoiUuvi 

mcrcuri-iodidc. 



T f trapropyh m rjwtiium 
fn^curiiodidc. 



SthyUn-ain-upnIammomum Mcrcun-i<xl,d(, 


EtPr'sNHglj.— 


Hg 26-43. CiiH^jNIjHgl; requires Hg= 


(Found: 

-606 per cent.). Orthorhombic, a: 4 ;c = 0'6S90 : 1 -O-olOe 

Jrr — hant is shlnt 

vertira'l •• ''®'’*t was obscrveil much shortened along the 

from six Trystals*^'" 


Azimuth (41) 

Polar diatanco (,) ... 


t;oio;. 

0 ” O' 
89“58' 


mjuo;. gjoii;. 

•55'’26' 0“ 0' 

90“ 0' *27“ 3' 
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Cleavages: }{011}, perteot; c{001), imperfect. Optic axial 
plane, a(lOO), and the c-axis is the negative acute bisectrix. 

Trans.; 100/011/002 Complex-symbol, (6)37^(-(-3). 

T etra^a-propijlammonmm Mercuri-wdide, Pr'^NHglj. — M. j, 
178° (Found; Hg = 25'75. C, 2 H 28 NI,Hgl 2 requires Hg = 26'07 per 
cent.). Monoclinic, a : b c = r4965:l ;0’7328; = llS^jgi 

Forms; 5(010}, aflOO), m|n0), «(120}, c{001}, r{201i 
p|lll}. The habit is prismatic, as shown in Fig. 8.' Following 
are the mean angular values obtained from five crystals : 

6(0101. a;100;. mjlioi. t»{120}. cjooik 

Azimuth ( 0 ) 0* O' 00® O' •SO® 2' 20® 1' 89®5R' 

Polar distance (/,) ... 90® 0' 90“ 2' 90" 2' 90® 0' * 23 * 16 ' 

r;20i;. p{lll(. 

-Azimuth (p) 270® 0' 52“45' 

Polar distance (p) ... 32®19' •50®26' 

Cleavages: m(llO) and r(201), good. Optic axial plui 
5(010). An optic axis emerges nearly perpendicular to r {201 
and the acute negative bisectrix nearly coincides with the c-axis 
Dispersion, moderate, p>». 

Trans.: OTl/Oll/lOI. Complex-symbol, (3rf; -14)50( + 1J), 

Pheni/llrimethi/lamm<miuin trniri-iodide., PhMejNHglj,- 
M. p. 135° (Found: llg = 27-80. C(|H,jN],UgI„ requires Hgn 
27'89 per cent.). Monoclinic, a:5 :c = l'2400: 1 :0'6783; h 
104°54'. Forms: <j(100j, m{U0), »{210), 7(011}, e(10Ij. 
r{301}, p(lll), 0(111}. The habit is prismatic, as shown in 
Fig. 9. Following are the mean angular values as obtained iron 
five crystals : 


a;ln0;. 


u:2io:. 

vlou;. 

fiioi;, 

Azimuth (^) 90^ o' 


09^ 6' 

21-28' 

90* 0' 

polar (Ufltance (/») ... JK>'' 

9U“ 0' 

9(P 0' 

3(>® t>' 

•39”«' 


r:3i)i;. 




Azimuth (^) 


00^54' 

330“ 4' 


Polar ili-Htnncsi {p) ... 

60” i' 

•47“ 2' 

3l)“34' 



- Cleavage: (i(lOO), good. Optic axial fdaiie, 5(010). Throujl 
a (100) an optic axis is visible on the etlge of the field. 

Tran*.: tl0/110;002, Coroplex-symlx)!, (4o ; -r 15}Wj(-5). 

Vhcnpldunethi/hthplninmmiium Merntri-iodidr, FhM&,EtKHgIj. 
— M. p. 95° (Found: Hg-2r'21. C,oH„NI,HgL requires Hg= 
27'36 per cent.), Moiioclimo, »:5 :c = 0'7391 : 1 ;0'6783; 

The common habit is that of unmeasurable radiating needles. A 
few measurable crystals were obtained of the tyjie shown in big- 
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jurmsl m{110}, ?(011}, e{101), rjfOl}, c{001}. Following are 
the mean angular values obtained from seven crystals (no trust- 
worthy results were obtainable from the face c, which was always 
curved) ; 


Azimuth (^) ......... 

Polar distance (p) .. 


•53"3G' *6“ 2' 

90® r *34^18' 


89°o9' 270* 0' 

44®43' 40°22' 


Cleavage: c(001}, perfect. Optic axial plane, 6(010). An 
optic axis is visible through cfOOl) on the edge of the field. The 
dispersion of the optio axes is strong. 

Trans.; TOl/TOT/010. Complex-symbol, (4d;4)53(-2|), 

PhenyldimethyUtt-propi/lammmium Mercuri-iodide, 
PhMejPr>NHgI,. 

_M. p. 88“ (Found: Hg = 26-64. C„H,jNI,Hgl 2 requires Hg— 
26-84 per cent.). Monocliuic, a:J:c=0-7773:l:0'67U; 

96°34'. Forms: w.{n0), j{011}, «{101|, r]I01}. Tbe common 


Fio. 10. 


Fra. 11. 


Fra, 12, 




PhenyldimcthyUthi^l • 
amfnontuw mercuri' 
iodide. 



Phi uyldimtlhyJpTopyl' 
ammonium mtrcuri’ 
iodide. 



Fh cnylmelJiyJdieihyl- 
ammonium mercuri- 
iodide. 


irm is that of radiating needles. A few measurable crystals were 
btained of the habit shown in Fig. 11, with prism faces much 
irved. Following are the mean angular values obtained from 
jven crystals: 

ih', 110;. ‘/iOiii. fjioi;, r;ioi|. 

Azimuth {^) •.>3*19' *9*44' 89*52' 269*57' 

Polar distance (p) ... 90* U' *34*14' 44*44' 36*58' 

Cleavage: c{00l}. {>erfect. Optic axial plan© perpendicular to 
'(010). The acute negative bisectrix is nearly perpendicular to 
{001). Dispersion strong, p>r. 

W; lOl/lOl/OlO. Complex-symbol. (4rf;6J)52}(-4). 

^'^(n’ylmethyldUthyfamTfiontuni Mercvri-iodulfy PhMeEt^NHglj. 
-M. p. 96° (Found: Hg^‘J6-63. CnIIisNI.HgL requires Hg:= 
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26-84 per cent). Mouoclinic, :c = 0-7319 : 1 ;0-6976; 

93°24'. Forms: 6{010), m{U0}. «{120}, c(OOl), ?{011}. eflOH 
r{i01|. The coniinon habit is shown by Fig. 12. Following are 
the mean angular values obtained from five crystals ; 

friOlOJ, nJ120}. rlOOll. y'Ol]' 


Azimuth {^.) 0" 0' *53‘5r 34'>1S' 89M4' H-J 

Polar distance (p) ... 90” 0' 90” 0' 90° 0' 3“2j' • 34 "jp 


rllOl;. rilOll. 

Azimuth ( 4 .) 90’ 2' 269“ 67' 

Polar distance (p) 46“19' 41”42' 

Cleavages; c{001}, perfect; ;a(H0}, imj^rfect. Optic axial 
plane, 6(010), An optic axis is inclined at about 20° to cjOOl' 
The double refraction is negative, with strong dispersion 
Trans.: 101/101/010. t'oinple.v-symbol, (4d; 3)55( + 2). 

rhenyltrUlhylamnumium iiercuri-iodide, PhEtjNHglj.— Jf 
98° (Found: Hg=25-94. Ci 2 H,j„NI,ngr 2 requires Hg = 26-35 per 


Fio. 13. Fro. 14. Fio. 15 , 



Phenyltridhyl- Ph' nyUriUhyl- PAriijldal/ljlprepjl 

ammonium mcrcuri- ammonium mcrcuri- ymmoitinm 

io<iuifl ( 1 1 1 }. iodide (2 : 1). iodid<. 


cent.), Moncx-linic, a : h : c - ri'J50 : 1 : l'349i) ; /? - 10I“20'. 
Forms; ajlOOj, m;U0}, rllOL’;, 7(0llj. /qlll). The commoi 
habit is shown l>y Fig. 13. Following are the mean angular valus 
obtained from five crystals: 

fi;ioo;. m'.uo;. r;io 2 ;. 'lion:, pin 


.Azimuth (a) 90” 0' Ml”!”' 2(i9MS' 8" 6' ’ira' 

Polar distance (p) ... 90” 0' 911” 1' 22°49' 53“39 '62 59 


Cleavage: ullOO}, perfect. Optic axial plane is ^OlOl 
liirliiied dispersion, strong. 

Trans,; OOl/lOO/OUt Complex-symbol, (16 ; 9J)46(-5(). 
Phcnyltriet hylmnininiiiim .\f opbbtfNbHp^p 

M pi. 144° ’ (Found : Ug-09 '21. (C,,.U..„Nl).;Ilgl. rei"* 
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j{g=18’80 per cent.). Orthorhombic, «:4 :(;=;0'8642 : 1 : 1 1605. 
forms: «{100), m{110}, c(001}, s{104), 7J{111). The habit is 
shown by Fig. 14. Following are the mean angular valuw 
obtained from five crystals: 

o;ihoi. .tool;. sii04|. ;)!Ui!. 

Vsimuth w 90“ 0' HVW 89°, M' 49°10' 

Polar distance (p) ... 00° 0' 90° 0' 0’ O' 18-38' •liO'SB' 


Cleavage: eiOOl). imperfect. Optic axial plane, !i(010); the 
acute bisectrix is perpendicular to l•(()01 ,. The optic axial angle is 
wide. 

Trans.: 010/100,001. Complex symbol. (4</)60 J(h- 4). 

FArov/r/icf M t'ri:itrt-unli4e,, 
PhEt,Pr-NngI,. 

JI. p. 93° (Found: Hg = 26'33. CYjHjjKI.llgL requires Hg- 
>5 87 |>«r cent.). Monoclinic, o : t : .■ = M1S.5 : 1 :i-3440; l3 = 
100°57’. Forms; «{100), mlllO;. r-jOOl;, yfOll), r{I03(, 
pjlll). Tbe common habit is shown by Fig. 15, Another habit 
was observed tabular to nllOO;. Following are the mean angular 
values obtained from five crystals: 


..Viilriuth (♦) 

Polar distance (p) 


90“ O' 

90“ r 90“ V 


90’ 4' 8 10' 

11“ 0' yrn' 


r:To2;. ii>;iii:. 
270“15' *46'3r 
22“4.V *62".53' 


Cleavages; «{100j. perled : '«;110|, im|)erfect. Optic axial 
plane perpendicular to tfOlO). The positive acute bisectrix is 
visible trough olllb': on the edge of the field. Dispersion, strong, 

f<V. 

Trans.; 001,100 010, (.’omplex -symbol. ( 1/t ; 11)50( + 6). 


l’hetuilh<’miihfiiii'’/liiiliiiiiiiio!iiuiii Mi'rriirHotHde. 

Pb(CH..Phi.\le,\Hgls. 

M. p, 143° (Found: llg^-24’74. C,,II„NI.HgI.. requires 
Ho-'.’rv22 per cent.). Monoeliiiic, .c t : r'-fr7386 : 1 :0'5105, 
3"92°36C Forms: tOUO;. .r:l00:, millb', y|0U), rllOl}, 
«;l'211, e{141;. 11321:, The cnirimon habit is shown in Fig. 16. 
Followifig are tlie mean atiuubtr valne^ nl.tainerl from five crystals. 


f:n|(i:. 

.V/diimth (♦) 

i'olar (listaiU'H (p) ... O' 


Azimuth (^) 

Polur disfBTipr* (i>' .. 


S9 ,■>9 
9 ii o’ 

■\I21! 


*.►3 :{4' 
00 !»■ 

riT4If. 

M-rw 
r»5 r 


fMw:. 

4’44' 

?:32i:. 

290^41' 

(i6M5' 


270“ r 
32“o7' 


Cleavage: nllOO;. fair. Optic a.xial plane. '.(OlOb^ 

Trans. ; 010001/103. Cumplex-symbol, (!d: 7J)69( r 4). 
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Fhenylhemvlrntthylethylammonimn Mercvri-iodide, 

‘ Pli(CHoPh)MeEtNHgl3. 

— M. p. 127° (Found: Hg--24'68. C] 3 H. 2 jNl,HgIo reqiiive? 
Hg = 24'78 jwr ccut.). Monoclinic, «: ; c =0 9878 1 1 : O oiOT, 
i3=106°9'. Forms: ?-i010j, .i{100), h({110}, c{ 001), 5{0n;,, 
rj501J. The habit is shown in Fig. 17. Following are the mean 
angular values obtained from seven crystals : 


Azimuth (^} 

Polar difitance (p) 


fe;oio;. u;ioo;. c;uoi;. 91011,:. 

0“ 0' 90“ r •4fi“30' 90° 8' 36°a7' 269°5S' 
90° 0’ 90° 0' 90° 0' 16° 9' :i2°57' 42"31' 


Cleavage: !n{ 110), good. Optic axial plane is /)(010). An optic 
axis is visible through (-{iOl}. The dispersion is strong, 

Trans.: 010/100/001. Complex-symbol, (41t ; - 16)40(U ). 


Fig. 10. I'la. 17. 



PhnxylbfnzyUim.lhyhmnvuium nniijlbenzylmthybikyl- 

m^Tcvri-iodidf. nmtnonium nvrcuri iodide^ 


rhcn ulKruzyldiethylornmnni'im Mirturf-n)di</e. 

PhfCJf.i’lDEt.NITirr-i 

.M, p, l.'J-SO' (Foiirnl; 1?3 Tt . I'etjiiirC' 

per , , ^!<)nceliIlil^ a 1 -0301 ; 1 : O SooJ, 

3-108*7'. Fonii': r{-01p Th? 

' Tvsliils lire eiirve^l anti I h** <'oiniuon hahit is diowii ni 

Fi^. 1''. Foll'iwini^ -ir'’ J!i--.in .insular valuer ol'taiiiffi now 


-even crystals : 

.\ziinnth {(j) 

Polar liistniv** fo) ... 


fHP O' •iT’H' 270’ !•' 
‘Ml’ 0* IS^J.V ■13’49’ 


l.leavas^e^: iiiijieitVvt ; r;jUli. i>ei-l'e<*t. Optic a.xial 

plane. /.(OlOi, and there is an optic axis vi-ible throiish r'S<\, 
on the edc'e ui the field. There is strong disi)ersioii. 

Trans : 010 100 '001 . (’oinplex syinlH)!, {ih : -13)42(1! 
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Phmylb (Mylmethyl-a-propijlammmmm Merairi-iodUe, 
Ph(CH,I>h)EtjNHgl3. 

_M. p. 134° (Found: Hg = 24-34. C.-Hj^Nl.Hglj requires 
Hg = 24-36 per oent.). Monodinic, n : i; :c=M060: 1 ;0-7766, 
,3=102“55'. Forms: a(100}, mfllO}, cjOOl), rflOl), !{221}, 
j;|531j. The common habit is shown by Fig. 19. Following are 
the mean angular values oblained from seven crystals : 

aiioo], m;uo;.. c;oo\;. r|ioi}. s'ssi;. 1 ) 221 } 

Azimuth (^») 90“ 0' •42'5r 89*52' 270* 0' *47“ 4' 32l*4fi' 

Polar diKtanre (^) 90“ 0' 90*0' I2"36' 26*45' 66*J9' 63*1' 


^8 . Fig. 19. 



?hcnylbe.nzyhiiilh>jl‘mmv,nu>n i*h'.uylhe„zyhMthyljiropy]. 

mercuri iudidf. wrrfun-iodt’rf . 

Cleavage: ajUHl;. The ojitic a.xial plane is perpendicular to 
the plane of symmetry, ami an optic axis is visible through m jUO; . 
Trans.; lOO 010 l/oi*. Complex-symbol, {W; - 13)64^( ^ 2). 

Our thanks are due to tiie Kesearch Fund Committee of tlic 
Chemical Society ami to the Sdentiilc and Tmlustrial Research 
Department for grants in aid of this work, and also to Professor 
R. L. Rowmaii, Mr, J. K. Marsh, and Vrofes.-4or \V, H. Perkin for 
nuu'fi help and advice. 
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Organic Chemistry. 


Weight ol a Normal Litre oi Propane. Jbas Timmeemass 

LI. Chivi. ithym/titj 1920, 18, 133 — 141). — Propane was prepared 
by the action oi sodamide on propyl iodide (Lebeau, A., 1905, 
i 401, 501) or by the action of sodium on butyronitrile (Stahrfoss, 
j, Chim. physique., 1912, 10, 497). The weight of a nonnal litre 
of the gas, preparcrl by either method, was found to be 2’0200 


grams. 


W. G. 


Preparation of Propylene and its Homologues. Cukmische 
Fabeik Buckau (D.R.-P. 294794; from (Jhem, Zentr., 1920, 
iv 222). — A mixture of acetylene and its homologues with methane 
and ite homologues is pas.sed over a suitable non-metallic catalyst 
200 — 3.50°. The process may lie carried out under increa^ 
uressure, or the mixture may be led through a contact apparatus 
completely filled with a jiorous catalyst. Titanic and silicic acids 
and their salts, a.s well a,s molybdic and tungstic acids, alumina, 
tlioi'ia, and zircoilia, are rccoinmemle l as catalysts. Examples are 
citeri of the preparation of projiylene from acetylene and methane, 
of butylene from acetylene and ethane, and of lt>-butylene from 
allyleue and methane. H. IV. 

Conversion ol Acetylene into Acetaldehyde and Acetic 
Acid. B. Nkueanx and II. Sciixeipek {Zcilsch. angw. Chem., 
1920. 33, 189 -192).- -For the conversion of acetylene into acet- 
.d'eliyde on the laboratory .-male, the tet results were obtained by 
.adinu the gas, with vigorous mechanical .-tirriiig, into a catalyst 
Jiiinosed of %% acetic acid foiitaining 3‘''i of mercuric sulphate 
1 solution, the tejn|ierature lieing maintained at about 30°. 
fiider these oonditions, nearly 9()b of the theoretical yield was 
litaiiied. At 40—50°, the rate of absorption was actually greater, 
jilt the percentage yiehl of aoetaUlehyde was reduced to 70 80. 
Jsinc^ a dilute sulphuiic acid medium instead of acetic acid, the 
faction was more erratic, and, in favourable ciicumstauces, on y 
ill--75% yields were obtaincl. The optimum temperature m this 
:ase was 25—30°, and a very great decrease in the rate of absoy- 
liou and increase in the formation of polymensed and resinous by- 
prcHiucts was observo-l when the temperature was raised at at 
above this point. The best results in the direct conversion of 
aoetvlene into acetic acid were obtained by u.'^mg the above mercunc 
siilpliatc-acetio acid catalyst with the addition of vanadium pentr 
pide. acetylene and oxygen tieing leil in alternately. le s 
ketic acid up to 83% were obtained. tj. r. M. 

Action of a/3-Chloroiodo-, Bromoiodo-, and Di-iodo-ethMes 
n the Sodinm Sulphides. Maecei. “ 

7tL..c (Ml. .for. rfiim. 1920. [iv], 27 , 0T8-6i9).-V\hen sodmm 


the SoditUB Sulphides. 

— "'vj, la/. utc'-' - • . 

ulphide acts on af3-chioroiodo-\ bromoiodo-. or di-iodo-ethane m 

VOL. csvuj. i. 
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aqueous or aqueous-alcoholic solution, ethylene,, sulphur, and the 
sodiuju haloids are prodnced; CH.Cl-CII»I-tN%S-Katl-l-Nal + 
S- 1 -C 2 H 4 . A similar reaction occurs if sodium hydrogen sulphide 
is used in place of the neutral sulphide. 61. 

Formation of Chlorohydrins. III. L- E. 

Samuelsso.i! {Zfilsch. phi/fihil. Chcni., 1920, 94, 691—722. Com- 
pare A 1918 i 370) — The present paper deals with the formation 
of monwhlorihydriii, and is divided into two portions- the 6 rst 
deals with the formation from glycerol and hydrogen chloride, 
whilst the second treats of the action of hydrogen chlonde on 
glycide. In the first case, twenty-three syntheses have been 
effected with yields vai'viiig from 10 — ’70% of the irmnochloro- 
hydrin' It shown that the lower the temperature the greater 
the yield of the a chloiolivariii. and this is more noticeable if water 
is present from the begimiiiig of the o|ieration. Higher tempera- 
tures oiierato in the reverse wav up to a certain point, which is 
probably to lie e.xplained bv side reactions. In other words, tie 
velocity' with which hvdroveii cliloride attacks the secondary 
hvdrox^-l croup has a'sreater tcmperature-roefficieiit than tie 
velocity of"the isomeric rea- tioii. In the presencp ol .«uccinic acid, 
and probal lv other eataU-t<. the o i-omende is the chief product, 
whilst water, which retard^ (he reaction, increases the yield of tie 
/l-isomeride. The eaialvs. s bv raidnir the tcmiierature and by 
suwinic acid are ihereime m.posed to one another. At those 
temperaturec where the /Ibumtride is icnneil in ai>precia)ile 
quaiititv it is abo deocmiHi-.d vapidly, and inurh more so than 
its isoinericle, U is po sihle l-y the following method to 
obtain a 10 '. viehl of thr pure o isomende: 0 u gram-mol, o 
anhvdrmis elvcerol ,-ci,l liiiioL' 2 crams of sueeinic acid is treated 
with hvdrogei'i chloride at 1 - unul there is an uu;rea.se in weight oi 
18 erams The addition oi the hvdroven (dilorule takes place ii 
two'stacres. with a p-au-e of a d.ay between the two additions. It 
is pro' able that a tar.'s r ■•irld wo.ihl be olUained if the mixture re 
kept loneer The umuta.ie 1 elvcerol mav be reaaincel m proi 
abh- qiia-mitative vicld I v distilbaiion. The hi<d,M. >’><■« “ * 
/I-isomeride ollaim l wa.s I V . Tim last laboratory method t r 
the preparation of elvc. rvl a nionoe'itorohydrm of approximate 
piiri^ nv fI-,-om.ri i:, apoears to be the follownie llvdr^ 
chloride is P.as-ed into 1 .^ram-mot. ot vlv-ero eonUimng 4 g.« 
of sneciiiic acid until the w.d'.dit has im-rea e -1 by 4i .sranis. He 
Jhlition requires about ei-dit hours, ,and the heat ot t he reac ,o^ 
keens the temperature at iU' 7i'i-. The mixture should tticn 
kept oveniiLdit, The viehl in this ea,^ is ID'h.. I' 

dcLicls im n.e :,nifoi^,v 

"v!;;. V nd-.^ndis nmcl. .„«te 

ronvenientlv carried .ml than the other |,,, out 

The acii'm of hvdroveii i-!ilon..r. on t'lvmde hss 
in the followintr wav: fi) lea.Iim- hydrogen ^ 
elvcidc at -IV, lOOT and MO MV; (”) 
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chloride in ethereal solutions of the glycide at -76^, -15°, and 
25—27°; (iii) dropping the glycide into {a) ethereal solutions of 
hydrogen chloride^ (6) acetone solutions of hydrogen chloride, and 
(c) concentrated hydrochloric acid, at -76°, -U°, 25 — 30°, 

50 — 55°. The reaction velocity has been ascertained in each case. 

It is shown that at very low temperatures the chlorine enters the 
ft-position by preference, but the reaction is never simply this, 
some of the /3-isomeride always heiug produced. J. F. S. 

Griyceryl ^-Monochlorohydrin. L. Smith {^eitsck. phjsikal. 
(Jhem-, 1920, 94 , 723 — 738. Compare preceding abstract). — After 
discussion of a number of methods for the preparation of glyceryl 
Achlorohydriu, the author recommends the following method of 
procedure. A mixture of 97 grams of 95% glycerol and 150 grams 
of concentrated hydrochloric acid is lieated for five hours at 120°. 
This is then distilled at a pressure of 15 mm,, and the fraction 
distilling at 110 — 150° collected. This fraction is pure chloro- 
hydrin, and contains 14 — 15% of the ^ isomeride. The product is 
purified by a long-continued fractional distillation under reduced 
pressure. The following physical properties are recorded : boiling 
point, «-isomeride, 119 — 119o° 14-5 mm., ^-isomeride, 124’5 — 
125°/14'5 mm.; )3dsomeride. D' 1-3375. D*^ 1'3207; o-isomeride, 
1)20 1-3213. The molecular weight by the cryoscopic method in 
water solution is 113 (theory^ 110 ,5). J, F. S. 

The History of Alcohol. Edmund 0. von Lippmann {Chm. 
Idt., 1920, 44 , 625. Compare A.. 1913. i. 155, 241, 1298; 1918, 

^ 210). — The recent jniblicaiion ol SvidholT confirms the author’s 
orevious conclusion that the dii^tillation of alcohol was first effected 
in connexion with that of rose-water and not, apparently, by the 
followers of any official medical s<’hool. Distilled alcohol does not 
appear to have been ina<]e before the middle of the twelfth oentury. 

H. W. 

Refractive Indices of Mixtures of isoPropyl Alcohol and 
Acetone, Dobotiiv Murikd Talmek {AnMifst, 1920, 45, 302),— 
Tables are given showing the. refractive indices of mixtures of 
acetone and nfopropvl alcohol containing from 0 to 100% of the 
latter. “ P- S- 

Chloroformic Esters. G, Capklli 1920, 50, ii, 

8 -12). — In order to obtain chloroformic esters in good yield by 
the action of carbonvl chloride on an alcohol, the former reagent 
iimst always be present in con.dderable e-xcess. Good results may 
be obtains! by using furnace coke, which is carefully dried, broken 
into pieces the size of peas, cmiled by moans of pounded ire, and 
(saturated with carbonyl riiloride. T he fiow of the gas is sub- 
increased and the alcohol added in rapid drops. In 
order that the whole of the alcohol may be converted into ester 
that the excess of earljoiiyl chloride may escape, the crude ester 
^ left ill a strong draught for aljout twenty hours, and is then 
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washed with' ioe-water, dried by means of calcium chloride, and 
fractionally distilled. The use of basic substances is unneoeesary 
and the alcohol need not be anhydrous, 90% yields being obtained 
from alcohol of 76% concentration. T. H. P. 

Improvements in Methods of Forming Esters. 

Industrial Alcohol Co. (Brit. Pat. 147337).- -Esters of the 
higher alcohols are produceti by partial esterification in presence 
of a dehydrating agent, separating the latter, and couti^uiiig the 
esterification at a higher temperature. For instance, a mixture of 
3205 grams of fusel oil (D 0'8268), 256 grams of concentrated 
sulphuric acid, and 2564 grains of glacial acetic acid is kept for 
twenty-four hourb at the ordinary temperature with occasional 
agitation. The aqueous layer containing all the sulphuric acid is 
separated, and the oily layer distilled at 100° until no further 
separation of water occurs, indicating that esterification has ceased, 
The oily layer iu the distillate is from lime to time separated from 
the water and roturncd to the still, the couleuhi of which are finally 
neutralised with 30?o sodium hydroxide solution. The sodiimi 
acetate layer which separates is drawn oil and distilled at 100^ to 
recover any amyl acetate it may contain. G. F. M. 

Anomalies in the Solidification Point of Tristaaria. 

Ben H. N’icolef {./. ln<i. Emj . 1920, 12, 741 — 743).— The 

double inelting point of tristoarin i.s attributed to the existcnre 
of two Jno<^lificalions, the more >table of which has ni. p. 
7i'6 — 72’2°, and the unstalde form about 5.5'^, the latter l)eiiig 
reconvevle<.i into the stable form on heating it at a higher tempera- 
ture or allowing it to remain. In spite of the speed of solidilieatioii. 
the solidification point of tristearin is u.suaUy given as that of 
unstable form (about 55-p The .solidification point of pure tri 
stearin was detcnninoil by the ri>e of lejnperature in Dalicaii 
method. It first showed signs of solidification at 53 8°; tli 
teinpierature then rose normallv to almui 63‘j°, rwnaine<l alinos 
constant for some time, and then rose raf>idly to the inaxiinuni a 
about 69'^. Oil ” seeding ” liqiiiil tri.dearin with the ?tah!( 
modification above solblitication takes plaw without the tonn 
ation of the unstable form, but the latter is apjiarently alwav; 
produced after seeding, oven with the stable form, at temperature 
below 56°. Double solidification points are not necessarily showu 
by all the triglycerides which show a double melting point, h 
appears to l>e an essential condition that the solidification of th? 
unstable form shall produce sufTicient heat to reach the tenq'cra- 
ture of transition into the stable form. The phenomenon wi- 
shown by hydrogenate^i soya In’an oil, but not by hydrogenate^ 
linseed or cotton-see<I oil. The solidification point of hydrocenate^i 
linseed oil (C5’9°) was not raised by '' seedling. " C. A. M- 

Fat Associated with Starch. T. 0. Tatlor and J. M. 

(J. Am^r rfifrn. Sor., 1920, 42. 1726—1738).— Corn starch, car? 
fully freed from adherent or a'isooiated fat by rejieated e-xtractioii 
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witli ether, tight petroleum, and carbon tetrachloride, gave on 
hydrolysis a material from which fat or free fatty acids could be 
extracted. The principal constituent of this “fat by hydrolysis” 
was palmitic acid, but there was, in addition, an unsaturated com- 
pound of unknown constitution. By controlled acid hydrolysis it 
was found that this fat was liberated when the hydrolysis had 
reached the erythrodextrin stage. Fat is also obtained by diastatio 
hydrolysis or hydrolysis with JiadUns ai:f,to-HKylicmn. By con- 
trolling the hydrolysis of the starch, it is possible to obtain residues 
containing relatively large amounts of fat combined with carbo- 
hydrate. Analytical data indicate that the palmitic acid is prob- 
ably attached directly to the unsaturaled compound mentioned 
' above in the form of an ester. Starches from other vegetable 
sources also contained varying amounts of “ fat by hydrolysis,” the 
amounts obtaine<! varying from O’Ot— 0'83%. W. G. 

Photochemical Chlorination of Methyl Sulphate. Pre- 
paration of Chloromethyl Sulphate. Volmar {Bull. Soc. chim., 
1920, [ivl, 27. 581- -fiSl).- -Methyl sulphate readily undergoes 
chlorination at the ordinary temperature under the influence of 
ultra-violet rays, and more slowlv under the influence of the light 
from an arc lan\p or a metal filament lamp. The product is, in 
,all cases, methyl chloromethyl sulphate, CH,Cl’MeS 04 . The fix- 
ation of a seonnd chlorine atom is not possible, because it requires 
radiations of such a wave-length that the dichloromethyl sulphate 
is decompose’! as it is formed. W. G. 

Catalytic Oxidation by Unsaturated Compounds (Oils, 
Hydrocarbons, etc.). .1. Boit.ault and P. Bobix {Oompt. rend., 
1900 , 171. .S-o.!- -3o.7t.- -When a solution of fiS'-dichlorodiethyl 
sulphide in turpentine i« exposed to air. the sulphide undergoee 
oxidation, giving flS'-dichlorodiethyl snlphoxide, SO(C 5 H,Cl);, 
m. p. IH". which, when nxidise-l with pota,«siimi permanganate in 
acid solution, gives /36'-'lichlorodirthylsulphoiie, ?0.(CcTr,Cl),, 
m, p. 5.5°. and when treated svith aqueous potassium hydro.xide 
jives BS'-inhi/'lro.ri/ilirthd SO(C,,npOH),.. m. p. 111°. 

The tiiriwntiiie mav lie replaced bv various nmatiirated oils and 
hydrocarbons, .Similarly, when BB’-dibvdroxydiethyl sulphide in 
solution in citraldeliyde is exposed to air, it gives the dihydroxy- 
diethyl suliihoxide .lescribed above. 

That these oxiilations .ire due to the catalvtic action of the 
unsaturated solvent?, is shown bv the fact that fld' dichlorodiethyl 
sulphide in the pure slate or in solution in a saturated oil does 
not iimlergo oxidation when exposed to air. ' ■ • 

Triethvlene Tri- and Tetra sulphides. (Sib) Prafulu 
CaAxmi.v Riv (T.. 1920. 117. 1090- 10921. 

Optical Rotation of Dextrose under the Influence of 
Hydrochloric or Sulphuric Acid. I. Hans Morschhausrr 
(modern. Zeilech.. 1920, 104. 214 ~- 236 ).-Exiier™enta with 
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hydrochloric acid at the ordinary temperature indicate that the 
influence of acid on the imntarotation of dextrose consists in an 
acceleration of the reaction to an extent increasing with the con- 
centration of the acid; the accelerating effect of sulphuric acid is 
less than that of hydrochloric acid. The value of the final specific 
rotation increases with the proportion of acid present in the solu- 
tion. Especially when the aridity is low, the rotation of dilute 
dextrose solutions is affected by hydrochloric acid less than that 
of more concentraterl solutions. With the 10% acid, the specific 
rotation remains constant for a long time independently of the 
concentration ; with the 20% arid, the rotation of dilute dextrose 
solutions does not change over a long period, but that of the more 
concentrated solutions gradually rises ; 30% of hydrochloric acid 
produces a permanent increase in the rotation, this being greater 
for the high than for the low concentrations ; 46% of the acid causes 
an initial increase in the rotaiion for the higher concentrations of 
the sugar, but continuou.s fall in the rotation soon begins, owing 
to decomposition of the dextrose. T. II. P, 


Action of the Carbonates of the Alkaline Earths on 
Dextrose. II. Dextrose and Calcium Carbonate. 

Mt'RSCHK.rrsEu (/f/o/7i/in. Zf-it^rh., 1019, 99, 190— 204). — The 
modified dextrose obtained by boiling a .solution of dextrose with 
calcium cart onatc for three hours (this vol.. i, 13) is fermentable. 
The [iresence of hcvulosc in it was demonstrated by Selivaiiov's 
reaction and l*v tlic separation of l.TvnIesc phenyl mothylosazone by 
Neul'crg's method. S. S, Z. 

Dry Distillation in a Vacuum and its Application to the 
Study of Carbohydrates. s\mk Pictkt (Bull. Snc. chim., 1950, 
fiv], 27, fill- 'Idfi). .V lecture delivered before the Freiith 
Chemical fi'ocicty. 

The Ethylene oxide Structure of Sucrose and some other 
Carbohydrates. Edwauo FBAXKr.\xt> xVRMsTRtixo and Thoms 
Percy IIii, ditch (T.. 192't. 117. l'loi> — 1090). 


Cellulose Acetate. II. d. H. Frxtox ami J. Berry (Pros. 
Camh. I'hil. !92>', 20, Ifi 22).- The work desrnhed was 

mainlv on the lim- of investigating (u) snltsUtntes for acetone a' 
a solvent: (t) the inllneitee of the mode of preparation on the 
proitertics of the prodnri ; (.■) the characterisation ami aiialyns 

of cellulose acet.ate, . , 

No veiieral conrin-ion can he dr.awii as regards the cheimoil 

itat.ire of a li-piid an ! it- solvent .action on cellulose atx-tate, altho«;6 

there aniicars to Kt .-ome relation lielween the dielectric 
Ind solvent action. The authors .mtsitler that in 
for the nottversimt of the rellnh.e aeeiato fro.n an ‘“J, 

acclone-solnhtc form, partial hyil--<>lyais, and 2 o4s 

For the ot th.' aivtyl *jroup. the ,, p 

method of cold alk,iUno hydrolysis (A., 1912, i, 680). 
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The Supposed Degradation of Starch by means of 
Formaldehyde. J. WoBLnEMo™ {Biockm. Zeitsek, 1919, 99, 
31:6—320).— A final reply to Wokor's criticism (this toI., i, 689). 

S. 8. Z. 

Iron Salt of Carbohydrate-Phosphoric Acid. Karl 

SCHWEIZEK {Bull. Assoc, chim Suer,, 1920, 37, 464—468). See 

this vol., i, 531. 

Synthesis of Phytic Acid. K. J. Asdebsos (J. Biol. Ohm.., 
1920, 43, 117 128). — The reaction hetweeu inositol, phosphoric 
acid, and phosphoric o.'cide has been again studied (compare 
• posternak. A., 1919, i, 433). The main product of this reaction 
appears to be an inositol e.ster of pyropiio.'phoric acid containing 
4 atoms of phosphorus or 2 mols. of pyrophosphoric acid, and corre- 
sponding with the formnla C',.,ir,/),r,l’,. This does not agree with 
the conclusion reached liy I’ostevnak (!<k. ril.), who believed the 
chief product to be identi(*al with the natural phytic add or 
inositoi-he.vaphosphoric acid, C,;II,,0.,jPf,. J. C. D. 

Complex Metallic Ammines. IV. cis Sulphoacetato-, 
cu-Methionato-, and cii-Dimethylmalonato-diethylenedi- 
aminecobaltic Salts. Tiiomas .Si.atbh Pbice and .James Cooper 
D tPf (T., 1920. 117, 1071-1077). 

f Muscarine ("Synthetic Muscarine”). Aebeet B. 
Wf.imuagf.n (./. Amir, f'hnn. Soc.. 1920, 42, 1670 — 1678). — The 
action of nitric acid on cl'.oliue ).lalinichloiide, according to the 
orioinal directions of Si'hmicdei.er; and llarnack (.ire/i. erpt. 
I’lith. I’h/irw., 1877, 6, li'l). give- a.s the priiicipal product the 
platiniehloride of cho'inc nitrite (coiiipare F.wiii?, A., 1914, i, 665), 
and in addition a coinpotnni. m. it. 201 -20.j“, which is probably 
dimethylaminoethyl nitrate platiniehloride and triniethylamine 
platiniehloride. By deviating from the original directions by 
evaporating five limes with nitric aciil in-tead of only once, choline 
nitrite was not obtained, the main proilncts heiiig trimethylamine 
platiniehloride and a coiiiiintiiid. in. p. 2n‘.S". probably having the 
coiistitution [N’Me.-<Tly(TI(< HI lAl’tCi , a^dgned by Scluuiede- 
bertt and llarnack {lor. rit.) to "synthetic iiittscariiie. In addi- 
tion to the ])iatinichioritlo, the tierivatives of choline nitrite 
obtained were the h iiArorjilnn.! r, in. p. Ib.V', the uurichlorirlc ^ the 
mlphatc, the pi n hfoni* r. ainl the tree 

The pharniacologiral oflcvls of " synthetic iniiscariiie report^ 
by different ob.servers must, tie t tttisnfered with the above facts in 
itiind. 

Manufacturs of Complex Silver Salts of Aliphatic 
a-Amino-acids. Ukkmasm llifiiAitn N*i’i' (Brit. Pat. 1480 it).— 
Complex silver salt.s of alipii.Atic a-.iiiiiiio-acids are obtained fay 
dissolving freshly precipitated silver oxide, nr oiganic or iimrgania 
salts of silver, ill a solntiou conlaiiiing an excess of the aniinoacia 
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and allowing to crystallise, after suitable evaporation, if necessary, 
except in the ease of the glycine compound, where crystallisation 
must be effected at temperatures below 0°, or otherwise the normal 
silver salt is obtained. These complex salts are more stable and 
more readily soluble in water than the normal salts, and do not 
give all the reactions of the silver cation, sodium hydroxide or 
carbonate, for instance, giving no immediate precipitation. The 
aqueous solutions are alkaline to litmus and do not precipitate 
albumin. The compounds have no irritating effect, and this, 
together with their other properties, renders them suitable for 
therapeutic purposes. G. F. M, 

Decomposition of Glutamic Acid and its Salts on Heating. 

Vlad Skola (Zrltsi'h. ZiirKrrim/. ('ichiislov., 19'_’0 , 44 , 347 — 351, 
35.0- 360, 3G3--368, 370 374).- -Glutamic acid melts at 211° when 
very rapidly heated ; when heated more slowly, or after prolonged 
drying at 110°, it shows a lower m. i>.. owing to slight decomposi- 
tion (compare Menozzi and Appiani. A., 1894, i, 498). The con- 
version of (/-glutamic acid into its laitam, /-ghitimic acid (^tanJk, 
A., 1912. i. 9''i2), prohahly tiikes place to a slight extent when the 
former is sim])ly dissolved in water. Equilibrium is attained in 
2'’o solution after ixtiling for 100 hours, and 90 9.'j% of glutiinic 
acid is formed. The reaction is nnimole<-nlar. In presenre of 
sulphuric or hydrocdiloric acid, the ts|ui!ibriiim is displacel in 
favour of glutamic acid; the di-plaoement is a function of the 
concentration of mineral acid, and is much greater with hydro- 
chloric than with sulphuric .acid at the same concentration, 
Glutimic acid found in prrxliicts of protein hydrolysis may thus he 
a secondary prcxluct only, and its amount may vary according as 
sulphuric or hvdiwhioric acid w.a,s nse<l as hydrolyst. the 
pyrrolidone-2-carhoxvlic acid formula for glutimic acid is con- 
tinned bv the author’s observation that this acid Hoes not react 
with fonnaldchvdc by Sorensen's method. The nitrogen o! 
olntamic acid, on the other hand, reads almost quantitativelv 
provided that snceessive additions of formaldehyde are made 
alternating with neutralisation of tfie aridity developed by each 
addition. jSee also ./. //((/., 1920, Get.] J. H. 1- 

Synthesis of a Second Diamide, Oxamide, by Oxidation 
of Sucrose and Ammonia. K. Fosss (Compt. remi., 1920, 171, 
398 -4(Hl). When a solution of sucrose in strong anniioniiini 
hvdroxiiie is oxidiseil hy c,alcium permanganate, oxainule ic 
obtained, and the eourse of the reaeliiiii is considered to I* 
2(11,0 -> 2I1(’.\' — > f('N’), — > (CO-NlI;!,. W, G. 

The Constitution of Carbamides, XI. The Mechanism 
of the Synthesis of Urea from Ammonium Carbamate. 
The Preparation of certain Mixed Tri substituted Cart 
amates and Dithiocarbamates, Emil .\li'iions* VaBsss ( ' 
1920, 117, 1046— 10.5.3). 
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The Constitvition of Carhamides. XII. The Decom- 
position of Urea when Heated in Solution in the Presence 
of Acids. Emi, Aiphonse Wkbner (T., 1920, 117, 1078—1081). 


The Nature of the ^-Ferricyanides and the jS-Ferro- 
cyanides. Samuel Hesry CtirroRD Briggs (T., 1920, 117, 
1026-1034). 

Estimation of Active Hydrogen in Organic Compounds. 

R. CiUKA {flazzeAta, 1920, 50, ii, 53 — 55).' — The method suggested 
by Moureu and Migiionac for diagnosing amines by treating them 
with magnesium ethyl bromide in ethereal solution and measuring 
the volume of ethane formed (A,, 1914, i, 808} was first suggested 
by Tschugaev (A.. 1903, i, 79) for the determination of the atoms 
of active hydrogen. 

The author applies Moureu and Mignonao's experimental con- 
ditions to methyl alcohol, phenol, resorcinol, a-naphthol, pyrrole, 
■ 2 -methylindole, phenylbenzylidenehydrazine, ethyl acetoacetate and 
ethyl ethylacetoacetate, nitromethane and nitroethane, the values 
obtained for the mimlrer of atoms of active hydrogen being either 
those required or in agreement with the results of previous 
investigators, 1-Methylpyrrole, 1-niethylindole, and trinitro- 
benzeiie yielded no ga=. T. H. P. 


Reactions of certain Ortho- and Para-substituted 
Benzene Derivatives. A. Atoeli (Gazzetta, 1920, 50, ii, 1—8 ; Aiti 
R. Accad. Linen, 1920, [v], 29, i, 375— 381).— The author has 
shown previously (A., 1917, i, 452) that hydrogen peroxide, 
hydroxylamine, and hydrazine exhibit chemical analogy to 
quinol, ;>-aininophenol, and p-phenyleaedianiiiie, and that in some 
reactions of ortho- and para-substituted aromatic compounds, the 
two substituent groups behave as though directly joined. Further 
examples of ,«ueh analogy are now given. 

The reaction between a ketone and ethyl oxalate, R-COMe-f 
(C0,,Et)j — > R-CO-tTI.,-t'0-CO.,lI, is quite analogous to that 
betw'een” o- or /enitrotolueue and the ester, CfHjJIc’NOj-t 
(CO.,Et).. N0./CV,H,-C'1I.-L’0-C0,,I1. With the aliphatic com- 

pounds, it is the negative group (CO, CN, etc.) which impresses 
increased mobility on the hvdrogen atoms of the methyl group, 
whereas with the aromatic compounds this purpose is served by 
the iiitro-groiip, which enhances the negative character of the 
whole of the aromatic residue. ■ i. ? 

The hydrolysis ol certain methylaniine derivatives, with form- 
ation of diazoniethane, NIlMe-COR V NO’NMc’COR ^ 
CHjlN-N, is similar to the behaviour of analogous derivatives ot 
o-toluidiiie, which yield iiidazole, 

C,H,Me-NH-COR C,H,Me-N(NO)-COR->'C 5 H,<_j|>N- 


The transforniations produced in certain o- and p-subslituted 
nitro-derivativeft, for iiistanoe, 

NO^-CeH^-NO; + 1 EO - NOtQH.'OH + HNO, 
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and NO.,•C„H^Cl + HoO=NG 2 •C„H^•OH + HCl, correspond with 
those exhibited by NA NO^Cl. Further, the formation of 
phenyluitroamine from ethyl nitrate and aniline, NOj-OEt-h 
NHoPh = NO,,'NIIPh + EtOH, is analogous to the reaction 

NO,<^^0Et + NHjPh = No/ ^NHPh + EtOH. 

Another group of transformations indicating the connexion 
between two” ortho- or para-substilnents is that in which one or 
both of the oxygen atoms of a nitro-gn-oup migrate to *a cai^on 
atom. Among "these are (1) the formation of yraminobenzaldehyde 
by the action of alkali sulphide on yMiitrotoliiene, (2) the con-.' 
version of o-iiiti'olienxaldchydo into n-nitrosobenzoic acid under the 
inHuence of light. (3) the tramsformaliou of o-nitrotolueue into 
o-uitrosolieiizyl alcohol, and (-1) that of o-nitrotoluene into 
authranilic acid by the action of an alkali. Owing to the marked 
alterability of the aromatic hydroxylaminea and^ the diflerent 
behaviour of aliphatic aldehydes and iiitro-derivatives, it is not 
always possible to realise the analogous transformations in the 
two series, but nitromelhaiie, for instance, readily undergoe,s the 
following changes: XO,,Me — ^ 01l*Nll*CI10 >■ NH^'COoH — >■ 

NH,,eCU. 

A jiarallel to the oxidation of aliphatic nitro-denvatives. 
2XO.c(.'n..R XOyt'IIR-t'llR-Nt),'. is found with o- and 

p-nitrotoliienes. which undergo a .-imilar change without oxidisinj; 
agents, the oxi.l.ition being elfectcd bv part of the nitro-coinpound 
it^lf, 2XO.,-t',n,lle — In the 
case of iiitromethanc. anollur product, melazoiuc acid, coiitaiiiing 
one oxvgen atom less, is also obtainoil. 

Aiiaiogies also aiipcar l•elw^■en the i>hy.siological behaviour of 
certain corresponding dernuiltves of the aliphatic and aroinalic 
scries. Thus, cthylnretlianc s-serts a hypnotic action, whereas 
ethyl /raininobenzoiite acl- as an ana-stlietic. Further, hydrazine 
is poisonous, as also is /rphcnylencdiamine. Aliphatic diaimiie, 
such as piitre.s<-iiie and cadaverinc. arc, however, iihysiologicsl.v 
inert, and the coiiciusion is drawn (hat the same holds for 
1 : 4-diamiiiovyr/nhcxaiie. 

Preparation of Picryl Chloride by Nitration of 4 Chloro- 
1 : 3-dinitrobenzene. Pirm-v F.iRAn.av Fh.inklafd and Fkkiif.bic 
lIoiiACE Gak.neu (J. Xo’-. chilli. /«'/.. 1920. 39, 2o7 or 

the preparation ot j-irrvl rh!tirit!r frtun rhlorodinitroWiizone. i 
recoinmendcl to n^e bat grann of chlorudinitrobenzene, "Sd S"' 
of 100% siiliihnric ai-id, and I'.’.'i grams of 90',', nitric acid, t 
nitration being conducted at for twelve hours It 

sulphuric acid is used, the amoniit must tx< donbl^i and the ainoiin 
of nitric acid inere.aseil to Id giains. A portion of t e ci 
dinilrobenzeiie is oxidised, the ratio of the amount of mtnc ac 
used in nitration to the amount used in oxidation being _ 
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Organic Molecular Compounds. IV. Addition of 
Alkyloxy- to the Nitro-group. M, Giua and A. Marcellino 
{()azzetta^ 1920, 60, i, 341—359. Compare A., 1916, i, 205) —In 
order to ascertain if the property of forming more or less intensely 
coloured additive compounds with polynitro-derivatives exhibited 
by aromatic compounds containing a phenolic hydroxyl group 
persists when the hydroxyl is etherified, the authors have investi- 
gated cryoscopically the binary systems formed by wi-dinitro- 
benzene, 2 :4-dinitrotohiene, 2:4: 6-trinitrotoluene, and picric acid 
witi jS-naphthol methyl ether and the dimethyl ether of quinol. 

The results obtained show that 2:4:6-trin!trctoluene and picric 
•acid, bub not m-dinitrobenzene or 2:4-dimtrotoiiiene, form com- 
pounds with the ethers mentioned. With the exception of that 
formed from the dimethyl ether of quinol and picric acid, the 
nature of the additive compound does not depend on the number 
of alkyloxy-groups present. Further, the presence of the double 
fing in ^-uaphthol i.s without inllueiicc on the formation or non- 
formation of the additive eoinpomid, this oljscrvation being in 
agreement with Sudboroiigh's conclusion that, as regards the 
property of forming additive compounds, a condensed system of 
two or more benzene rings may be considered as a single ring (T., 
1916, 109, 1339). 

The molecular compounds which 2:4 : 6-trinitrotoluene and picrio 
acid form with /?-naphthol methyl ether and the dimethyl ether 
of quinol show inteii^^ coloration varying from pale yellow to 
orange-yellow. A.s in certaiji similar cases, the colour of the com- 
pound is related to the auxochrome group, but for the formation 
of the compound and of the colour the presence of three nitro- 
groups in one of the two components is a necessary condition. 
Which of tho three nitro groups is a<lded to the alkyloxy-group 
has not yet been esiablbhed. but from Werner s conception that 
jijulual saturation of the secondary valencies of the chromophoro 
and auxochrome groups must be assinned in the molecular com- 
pounds (A,, 1910. i, 20), it seems probable that the additive com- 
pounds now descrilxjd are formed by means of the valencies 
between the characteristic functional groupings; the influence of 
the aromatic nucleus juust not, however, l)e overlooked. These 
results are discus.^ed in relation to those obtained by Giua and 
Uherchi (this vol., i. 303). 

The system m dinjtrol)enzeiio:.d'iiaj)hthol methyl ether forms 
a single eutectic, in. p. about ■12'^, coiitai>uiig hO'o by weight of 
the uitro-compound, 2 :M)initrotohicu6 : /3-naphthol methyl 
?ther. one eutectic, in. p. alnmt 34^, 57% of nitro-com pound. 
l:4:6-Triuitrotoluene : ^naphihol methyl ether forms a com- 
pound, ni. p. about 73°. containing 1 mol. of each component; the 
eutectic between the compound and the trinitrotoluene has m. p- 
ihout 60°, and that Ivtweeii the compound and the ether m. p. 
58°. I’icric acid (1 mot.) and JJ najihtUol methyl ether (1 mol.) 
form a coin])onnd, in. p. about 114°, the eutectics between this 
®nipouiid and the picric acid and ether meH-iiig at 99° and 67 4° 

c c* 2 
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respectively. wi-Dinitrobenzene: dimethyl ether of quinol gives 
a single eutectic, m. p. about 30°, at a concentration of 50%. 
2 :4-Diuitrotolueue : dimethyl ether of quinol forms one eutectic, 
m. p. about 30°, at a coiiceiitratiou of 50%. 2 ; 4 ; 6-Trinitro- 

toluene (1 mol.) and the dimethyl ether of quinol (1 mol.) form a, 
compound, m. p. 43 3°, the eutectics between this compound and 
the nitro-c;ompound and ether melting at 42'2° and about 38° 
respectively. Picric add (2 mols.) and the dimethyl ether of 
quinol (3 mob.) form a comi>ouud which has an indistinct meltiuu 
point and dissociates on melting. »i-Dinitrobenzene (1 mol.) 
and ;3-naphthol (1 mol.) give a compound, m. p. about 62° 
(dissociating). 2 : 4-Dinitrotoluenc (1 mol.) and /S-naphthol 
(1 mol.) form a compound, m. p, 76 6°, the eutectics between this 
compound and the components melting at about 59° and about 
74° respectively. 2 :4 ; G-Trinitrotoluene (1 mol.) and /S-naphthol 
(1 mol.) give a compound, m. p. 109-4°, the eutectics between this 
compound and the components melting at 73-5° and 97-5‘’ 
respectively. 

The fuskl mixtures of the nitro-compomuis examined with the 
ethers of 3-iiaphthol and quinol and with j8-naphthol are all more 
or less intense yellowish-red. Only for the systems in which s 
single eutectic appears are the mixtures pale yellow in the hot and 
almost colourless when cold. T. H, P. 

4-Nitro-o-tolueneBulphonic Acid. S. V. Hixtikka (Can. Pat, 
200291).--This acid is prepare<l by snlphoiiafing p-cymene to its 
o-?ulphonio acid and treating the sulphoiialion mixture at 40- 60' 
with nitric and sulphuric acids; the i.'»pro|)yl group is thus 
replaced by the nitrogroup. L'humical Abstbacis. 

Condenfiation of Salicylaldehyde and Thymol. Synthesis 
of o-Hydroxyphenyldithymylmethane. P’. Laviha I.toiitxs 
(.Inuf. FU. Vmm., 19-20, 18, 139 -M7), — The object of iln 
investigation is to prepare triarylmelhaiies witli a hydro.xyl group 
on each benrene nucleus, and to .Andy tlicir physicoi-liemical projifi- 
ties. The first of these cempoumls to be jirepared is o-A.Wrar.f- 
phe 7 i>/lfhth i/in t )1 l-t', ! !,*( ‘1 1 (t ,; I i..MePi-'-*Otl colour- 

less, oblique pri.sms containing IKtOll, m. p. l.'15°. from salinl 
aldehyde and thymol in prc.-H-'me of a small quantity of siilphnrit 
acid. The Irinr^h/I .ami trihiii-.'fil ■h-rivatives and the tnmflhfl 
and trirthyl ethers are descrilmd ; the last three coniitound,s lave 
in. p. 126 127°. 137 -I3-S°, and 77 7.4° rcs|)e<-(ivcly. A Inimio- 

derivative. (',.;ir,,0,.,Hr;,. m. p. 170°, is obtairieci in acetic and 
solution. The correspomling tr(-(o-/<n'itmpoiiiHl has m. 1’- ’ 

The trwxlwm salt, (•,;U. 30 :.Xa,. crystals, is decomposed slightly 

by carbon dioxide, Amorpium.-i precipitates are oblaniel: wit 
leari salts, light yellow; copper salts, bluish-green; and 
yellowish'brown. 

Molecular Compounds of Sulphur Dioxide witt Amines. 
A. Kohezynski and M. Gi.khocka [Gazzr.tia, ^ 

378— 387).— The following comjiounds of sulphur dioxiue 
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amines have been prepared: with p-toluidine, C7H,'NH2,S02, 
canary-yellow; a-naphthylamine, Ci(*Hj*NH2,S02, orange-yellow; 
p-chloroaniline, CQll^CbNHo.SOg, canary-yellow; p-bromoaniline, 
C,;H4Br*NH2,0-5SO2 and (.V*iBf‘NH2,S02, canary-yellow; 3:5-di- 
chloroaniline, CgH3Cl2*NH2,SOfl; 2 :4^ichloroamline, 

canary^yellow ; 3 : 5 -dibromoaniIjne, CVXBrg'NHg.SO^, canary- 

yellow; ;>-nitrosodiethy!aniline, CsTIio02N2,2S02; diphenylamine, 
C^jHiiNjO'SSO.,, orange; o-naphthaquinoline, liquid compound; 
y-ehloroqhiualdine, Cj„HgNCl.l' 5 SO.>; and noazobenzene, 
C,2H,iN3.S02; 

.dimethylaminoazobenzene, CfiHr/No'CfiH^'NMejjO’SSO,; dimetbyl- 
aminoazobenzoic acid, CO.JI*C,;H^*N2*Cf,H4*NMej,SOj. ; thiocarb- 
amide, CH4NoS,OoRO... colourless; ^hyl p-ami nobenzoate, 
C,H„02N,0-5SO,, 

canary-yellow; o-aniinoctnnaniic acid, CftH,j02N,S0.,, pale yellow; 

2 : 4 'tolylenediamine. C;Hj„N2,S0.>, canary-yellow; ;>-nitrcm- 
phenylenediarnine, Cr,H-O-.N.„ 0 ' 5 SO->, yellow; benzidine, 
■Ci.Hj.NVSSO., 

canary-yellow; 1 :3diainiTioa7o]>enzene. C,oHi..N4,0-5S02; tetra- 
methyldiamiiiotriphenylniethane. leucaniline, 

C2nH,;iNs-3SO.>. pale yellow; pleucamline, pale 

yellow; rosaniline. C^.fTToiOX^.l-oSO.,; pararo«aniline, 

' CVH^ONVSO.; 

dimetbylaminoacetanilide. C,<{H,;0!^^,S0.2. canary-yellow; hexa- 
methylenetetramine absorbs 36'G— ST’S'Y. SO.^, giving a colourless 
product of HO definite inoWuhr composition; caffeine. 

r,.T1,,O,.N.-0-5PO,., 

colourless: strychnine. pale yellow; brucine, 

Co.,H 2,.,0,N„3S62. yellow; morphine, C[;Hi^03N,l'5S02, canary- 
fellow ; quinine. O..,,!! lemon-yellow ; papaverine, 

r.,f|H,i,04N.S0.>. stra^v-vellow; veratrine. C.,2H4,^0qX,2-5S0.7, yellow; 
hsmkin. C.i.,Tf.,20,N,Fe.2 o.‘^0,. ; atropine, cocaine, and narcotine 
form liquid additive compounds with snlphnr dioxide, and no 
additive coinpounds are given by m-. and ?Miitroanilines, 
2:4- and 3 -.S-dinitroanilines. trinitroaniUiie, 6-halogeuO'2 :4-di- 
nitroanilines. /mitrosoaniline. tribalogenated anilines, m- and 
pnitrodimethylanilines. azol'enzene, benzeneazonaphthyl ethyl 
ether, dimethylajninoazoiiitroWnzoic acid, carbamide, acetamide, 
benzamide, asparagine, thiocarbazide. acetanilide, acetophenetidide, 
n-aininopropionic arid. a-amino/-<ohexoic acid, aminobenzoic acids, 
sulphaiiilic acid and its swlinm salt, propyl /i-aminobcnzoate, 
m- and p-aminocinnamic arid. o-. m-. and /^arainopbenols, p-chloro- 
c-ajninophenol, ethyl />-amino-i/i-hvdroxybenzoate, methyl w-amino- 
p-hydroxybenzoate, carbazole. /;-l>enzoqniiione, distyryl ketone, 
theobromine, and hrtmin. 

When kept in a desiccator, the alwe additive compounds 
sulphur dioxide; measiircmcnh*! of the pressures developed in this 
way are now being made. 

'l^e following general conriuRions are drawn from the results 
obtained. Sulphur dioxide unites equally with primary, secondary. 
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and tertiary amines. Colourless amines containing an aromatic 
nucleus yield yellow additive compounds, whilst those free from 
such nucleus give colourless compounds. The appearance of the 
colour indicates the formation of secondary compounds, which are 
produced by virtue of the secondary valencies of the nitrogen atom. 
The action of such secondary valencies is diminished or entirely 
removed by the presence of negative subitituents in the molecule 
the inllueiioe of a nitro* or hydroxyl group being greater than that 
of a halogen atom. No direct dependence exists between the 
number of aniino*groups and the number of molecules imited with 
SO^. In coni])oun()s of complicated structure, such as the alkaloids 
the number of molecules united with SOo is mostly greater than 
the number of nitrogen atoms. 

When thoroughly dried reagents are use*.), carbon dioxide and 
hydrogen sulphide t)o not form additive compounds with ^Holuiditie 
a-naphthylainine. a-naphfhaqiiiuoline, brucine, hamin, or hsematin! 
Similar failure to form coinpoiiiids, even with ferrous sulphate and 
ferrous ammonium sulphate, is exhibite<l by nitric oxide. 

T. H. P. 

Syntheses of s-Xylidine. Hkbubrt L. Haller, Elliot Q, 
Adams, and Edgau T. Whekky (./. .Iw/cr. Vhtm . Hoc ., 1920, 42 
1840 — lvS42).- -.N--Xylidine may W prepared from mesitylene bv 
passage through incj^itylenic add and its amide, the latter beincr 
converted into the amine by ilofinann’s reaction. A more Fatis- 
factory process is a mo.liiicalion of that of Willgerodt and 
Sohmierer (A.. i. 425_), starting from »j4-xylidine, The 

authors find that, in t)u< luoce.*^^. nitroacetylxylidide may l)e con- 
verted directly into nitroxylene by heating the xylidicle for fifteen 
minutes with sulphuric acid (1) l'8l), pouring the product into a 
mixture of ethyl alcohol and sulphuric arid, diazotiring with 
sodium nitrite, aud didilliug the pro<luct with steam in the 
))resence of coj)|>er powtler. .'••Xvlidine has m. p. 139 6 — 140-2-, 
n, 1-45, u, 1 fill ' W. G, 

Separation of a-Aminophenyl-a'napbthylmethane into its 
Optical Antipodes. S. JfKUUNnozzi {Gazzeita, 1920, 50, ii, 
5G- jD). This amij.o-ind, ohtaine<l a< the racemic inodification (thh 
vol., i, 480), mav Ic -''parated into its euantiomorphous componeiiti 
by fractional crvFt illi-ation of the tartrates from al(X)holic solution. 

d a-. 1 c hutlrmfvn iarfratCy 

forms shininfj. wliitc sj-ah.-i, m. p. lO't (dccomp.'). The free 

rj-llj-X, <TV'talli-^c.-: in white, tramsliicent, triangular, or 
trapezoidal prism-, m. p. 8! , (a|’.' 4- 63'6P. The 

cyorylf, forms silky, white needles, m. p. 275—280“ 

(decomp.), [a],’ ~ ria- Ki". 

a hij^hnijen fiwtratr. forms 

t^ifts of white m. p. 195 210'^ (deconip.). The free 

crystallises in white, translucent, triangular prisms, m. p. 81— 8- > 
[aL —63*38'^. The /jv^/rorA/oriV/e fomrs silky, white ueerDos. nu p- 
27'^280“,[a]„f53I>. T.H.P. 
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Amines. VIII. The Preparation oi (ll■Aminoacetanilide. 

Akthub J. Hill and Euwi.v B. Kelsey (7. Amer. Chem. Soc„ 
1920, 42, 1704 — 1711. Compare Dubsky and Granacher, A., 1918, 
i 189). — To obtain a satisfactory yield of oi-aminoacetanilide, the 
authors found it necessary to modify Majert’s process (D.K.-P. 
59121). The chloroacetaiiilide (5.50 grams) was added to 11 kilos, 
of 95% alcohol previously saturated with ammonia. The mixture 
was kept for five days at 20”, and then evaporated under diminished 
pressure to one-quarter of its volume. The liquid was poured into 
3'5 litres of water, and the oil which separated was filtered after 
it had solidified. Aminoacetaiiilide was obtained from the filtrate 
by evaporating it nearly to dryness, and then recrystallising the 
residual material from water. The oil which separated and then 
solidified as described above, was irainodiacetanilide, 
(NnPh-CO-ClI.,),,Nn. 

In some preparations, a small amount of iiltrilofriaceianilide, 
(NHPh'CO'C7I.,)jN, m. p. 238—239”, wa.s isolated. 

'*The authors were unable to oljtain satisfactory yields of amino- 
acetanilide by Jfajert's proees-i (D.R.-P. .59874) from aniline and 
ethyl amiuoacetate hydrochloiMe. W. G. 


Preparation of "Cupferron.” D. R, K.a.s.sN 0 E (X Ini. Eng. 
Chem., 1920, 12, 799).— The yield of the intermediate substance, 
uhenyl'hydroxylamine, in the preparation of “cupferron” (A., 
1911, ii, 939) depends on the quality of the zinc dust used to reduce 
the nitrobenzene, but ronsistentlv gooil vields may be obtained if 
the zinc dust is iirevioii-sly treated with 2% mercurous nitrate 
solution slightly acidified with nitric acid. W. P. S. 


Crvatallofrraphic Properties of some Catechol Derivatives 
of Acids of Heavy Metals and their Salts. P. J. Beger (Cettfr. 
1/in 19‘’0 1'’9- M”1 — The compounds, the crystallographic 

prop;rties'' of which arc de^erilied in ocusiderabte detail were 
prepared by Weinland and his collabniators (A., 1919, i, 442). 
Tricatechol arsenate [catrehol seiniarsenatel, 
A5G(O-(',!t,'OHl.,41I-,0, 
small, shining, colourless crystals of 

rhombic, bipyramidal system. " : ‘ "’7 ; J ■ ^ 

perfect cleavages parallel to the three |nnacoid faces Optic axid 
plane (0101. ' The chroinimn salt, [AsO(0-Cf,II,-Oy3HoCr,l..H,0, 

r^lllt ilt. iAsO((>C,dl,-0,3UI,Co,8ni). and ae c^re^c^- 

iiig nickel salt, all ciystallise in the cubic systau The t 

of the nickel derivative. Ki(0'(.,llpGAa),.,l- P, ,, 

black, moniK-linie, prismatic ery-tals. the 

not l>6 (X)riip]<?L<>ly detcnmiKHl ; i u . i , 

approx. AnunoniiiTn inolyHilato, 

OH-Mo(VO-tV,llpO>;n,,UbO „ 

forms reddish-black prisms, rliotnbie lupytain! a 

1:0'9105. The crystals, which sot..ctnn« 

complex indices, cleave iK-rfectly parallel to { , ' J jj 



i. 672 


ABSTRACTS OP CHEMICAL PAPERS. 


Quinol. J. Mbssnhr (P^m. 1920, 61, 45i— 455),-^ 

The statement found generally in literature that quinol reduces 
Fehling’s solution in the cold and silver nitrate only when heated 
is incorrect. Quinol reduces silver nitrate at the ordinary tempera- 
ture, with the separation of metallic silver; it at ono© changes the 
colour of Fehling's solution to green, hut a precipitate of cuprous 
oxide forms ouly after Iwig contact or when the mixture is heated. 
The reactions are therefore of little use for distinguishing quinol 
from catechol. W. P. S. 

Amino-alcohols Derived from a'Anilino-y-dialkylaminoi^o- 
propyl Alcohols. E. Fournkau and .). Hanrdo (Anal.Fis.Qiiini. 
1920, 18, 133 — 139). — The physiological effect of the replacement 
of a phenoxy- by an anilino-group in amino-alcohols derived from 
aniline and its homologues was investigated. The aromatic amine 
was made to react with epichlorohydrin, and the derivative thus 
obtained treated with dimethylamiue or one of its homologues. 

The following substam'es are descrih-e^l : a-p-phfnefir/ino-y ili. 
i/ff(h>/himin<n>ioprop//l <dcoh<ff, 

FA(K\dI,-NH*(’I!./C’n(On);CTl.*NMfe,. 
b. p. 212° 14 mtn., in. p. a-]\toUiulnuy-'y-(I]ineih>ihmh)<n^^ 
pn>p>jl (Vfl,Me-XTl*(’fT.-(’H(01lbrH..*NMe,, b, p. igo'o^ 

12 mm., m. p. 72° ; v/urn/nnisew-n/n/^ 

nlcohul, NMerh-('l(,/('If((>ll)-('ircNMe.,. b, p.‘ IGSo/H mm'.; 

a/ro/io/. ]). p. 195 ^'21 min„ 
111. p. 84°; a-i nlftihul. b. p, 

195°: 1.5 mtn, : a nJcohril 

m. p. 95°; and a.-ouni^'u!'nu> y t!iinrth>il<im\n<)\%opropiil nJcvhul, 

b. p. 198---200° 30 mm. 

The amrsthotic a<*tion of Wiuoylmethylanilimxlimethylamino 

Mopropyl alcohol hydrtwhloride i> slower than that of stovaine; 
total anje^thesia is obtained in twenty minutes witli .V, 50-soliilion^ 
and in seventeen ininnl«-s with .V 'jri-solutions; .V . 25 stovaiiie 
solution?, on the other haml. a<*t- in four to five minutes. 

W. R. S. 


The Hydrobenzoin Transposition. Influence of the 
Nature of the Reagent. M. Tifkknf.au and A. Orkkhofp [Compt. 
rf!u/.. 1920. 171. 4oo 0)2. (’ornpare TifToneau .and Dorleiicourt. 
A., 1906. t, 724 ; <)rekhi>fT, A,. 1919. i, 272), With the ex('e])tioii of 
a/S^-triphenylethanediol. which is really an aryl hydroWnzoin, the 
dehydration of the alkvlhydrol>en7oins may take place in several 
different wavs, dej^eiiding on tho concentration of the sulphuric 


acid used ami the nature of the alkyl group. 

Thus, with iliUite -ulphurii’ a<’id. o0-diphcnyU>ntanea^-ciwl 
yields oadiphciiylbiitaliiehvde. but with concentrated sulphuric 
acid it givfti ethvldeoxvlH'nzfHn ami diphenylmethyl ethyl ketone. 
ai5-Diphenyl])n>pane-a3 din!, on the other hand, only yields nieth) 
deoxyljenzoin with concentrate*! sulphuric arid. ^ 
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The Hydrobenzoin Transposition. Influence of the 
u-Methoxyl Substitution on the Dehydration of Triaryl- 
etbanediols. A. Or^khopf and M. Tifprnbau {Compt, rertd.j 1920, 
171, 473 — 476). — Under the influence of the same dehydrating 
accent, the triarylethanediols undergo change with or without mole- 
cular transposition. When the secondary alcohol group is attached 
to the same carbon atom as a phenyl group, there is no transposi- 
tion, a ketone being formed. If the phenyl group is replaced by an 
aiiisyl group, there is transposition, with the formation sometimes 
of a single compound, a triarylacetaldehyde, the ani.syl group 
migrating, sometinjes with the formation of two compounds, the 
aldehyde and a ketone, in which case the phenyl group migrates. 
These reactions, simple and mixed, depend on the position of the 
hydroxyl group eliminated, and the stability of the hydroxyl groups 
ippears to depend on the nature of the substituent groups, Thus 
a^-dianisyl-a-phenylethajiediol yields y^y/dimethoxytriphenylacet- 
aldehyde, (C(|H^*OMe).UPh*CHO, whilst aa-diphenyl-jB-anisyl- 
elhanediol yields //-nicthoxylriphenylacetalflehyde, 
OMe-C,;H^*CPhyCHO, 

and phenyl ;^methoxydij)henylInethyl ketone, 

OMe<Vn4-CHPh*COPh. 

W. G. 


Preparation o! Mercury Compounds o! Sulphophenol- 
carboxylic Acids and their Homologues which yield 
Colloidal Solutions with Water. .Sacchabin-Fabrik Aktiew- 
cKSKLLst’riAFT voRM. F.xiiLUEiK} Tust & Co. (D.R.-P. 321700; from 
I'hnn. /jfrttr., 1920, iv, 292).- (i) The mercuration of the sulpho- 
carboxylic acids is effected in acid solution, (ii) The solutions of 
sulphopheuolcarhoxylic acids or their homologues are warmed or 
allowed to remain in contact with solutions of mercury salts, or the 


arpieous solutions of the sulph(x-arlx>xylic acids are similarly treated 
with an amount of mercuric oxide insufficient for the saturation of 
the three acidic groups (less than 1-5 molecules of oxide for each 
molecule of sulphophenolcarboxylic acid). Alternatively, the 
mercury compounds of the sulphophenolcarboxylic acids, which are 
sparingly soluble or insoluble in water, are warmed with acids or 
mixtures or compounds containing ineroury and salicylic acid, or 
its honiologue?' are treated at (he ordinary o? elevated temperature 
with concentrated sulphuric acid, and subsequently with a dilute 
acid. jtliintfiitri/hc (i-f'ul (from osulphosalicylic acid) and 

phihiii-crc^totn' ti/'ul form colourless crystals, very 
sparingly soluble in organic me<Ha, readily soluble in water to 
colloidal, viscous solutions. • 


Redaction of o-Benzoxczulphinide [“Saccharin ]. F. 

Giantormaugio {Gnzzftta, 1920, 50, i, 327 340). —Previous 
investigations on reduction by means of amyl alcohol and sodiiim 
have been confined more es])eeiallv to o-phenolcarboxyhc acids, 
with which the benzene nucleus umlergoes rupture betw^n the 
hydroxyl and carlioxyl groups, acids of the piniellc and senefi 
hfing produced, and to w-phenolcarlmxylic and o- and jhamino- 



i. 674 


ABSTRACTS OF CHEMICAL PAPERS. 


benzoic acids, which are reduced without rupture of the benzene 

"°In the reduction of o-bcnzoicsulphinide by means of sodium 
and amyl alcohol, the nascent hydrogen formed eliminates the 
imino-oroup as ammonia, and also detaches the sulphomo group, 
which,°after acidification, is liberated as sulphur dioxide; the final 
product of the reaction is hexahydrobenzoic. acid, osulphobenzoic 
acid being ppobably formed as an intermediate product. 

Of the variou.s seconilary products formed in reductions by means 
of sodium and amyl alcohol, owing to reactions between the alcohol 
and its sodium derivative (couniare Einborii and Lumsden, A., 
1896, i, 45; Giierbet, A., 1899, i, 472), the author has identified^ 
only valeric acid. 

A basic conipouiid, which distils in i current of ste&m, is also 
formed in small proportion during the reduction of o-benzoic- 
siilphiiiide, and is to be investigated further. T. H. P, 

Action of Acetic Anhydride on a-Naphthylpropiolio Acid, 
Byron L. West (J. Amer. Chtm. Soc., 1920, 42, 1656 — 1669),— 
When heated with potassium cyanide, sodium uaphthalenea. 
sulphoiiate gave a iiaphthoiiitrile, from which o-iiaphthoamide was 
prepared. The latter, when reduced in alcoholic hydrochloric acid 
with sodium amalgam, gave a naphthybnetliyl alcohol, which was 
readily oxidised to a naplitlialdclivde. Tins aldehyde, when treated 
with maionic acid in the pre.sencc of alcoholic ammonia and suh- 
senuent adirnion of acid, gave a mixture of two acids, which, on 
heatiiio, vielded a-mip/.t/i.v/u.ryb,- nm/, m. p. 20r5“ giving an 
flhul ^ter Oil bromiiiation, the ester gave fthi/l aB-Aihrmiw- 
^-[-nai,hth,ll>rn,>,„n.,fr, tV.H-Cll BrCHBrCO Kt which, with 
alcoholic nota-sium hvdroxide, yielded a „Hphth;,!prr,i,,oht (inA 
C H -C'C-CO H m p'. 194 -135^. giving a salt. 

‘\\ien heatisl wilh acetic anhvdride, o iiaphthylpropiolio acid 
vielded H-a mpyh,lphr,u,„>hnn ,-(-, ; 7- .ry/m uuy ride, in. p 
^07-209^ (compare Michael and Bucher, A., 1898^1. from 
which a very insoluble salt w.-i,s prepared. The aiihydnde 

gave Baeyer's phthalein reaction and tluoresceiii test. W . b. 

' PreparaUon and Properties of CelltJose Phthdate. H A 

lEVEY (./ /"'/■ AVw. ''hfm . 19211, 12. ,43 - 1 44 V- Cellule 

r n O .'tf tl. 0.,4n .0, was prepared by heating cotton 
ul,^ fprev i dY- m.o - bydr<;.tlnl<«i by treatait 

of'chlorine in glanal a.N>tic acd) for tweu yta 
hours at 70^ with pbthalic aubvdr.de and “ 

Sum ipiautitv ethyl phthala.e (.m ‘S; 

o*t#*r, and drvint; it not al o\e * 11^1 pther 

cellulose’ pbthalatc thms obtained w,-u. insoluble in alcohol, th^ 
“.tic aci'd, ethyl ph.hala.e, and other -d-'-X , “ ^ ,,,,1 
preeem. of zinc chloride or otWr condensing ^ 

the esterification. Phthalic anhydride does 'Tom cell** 

radicle from cellulose acetate or , , sulphuric sod' 

nitrate, even when the riiic chloride is replaced by sulpn ^ 
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CaWytic Hydrogenation of Cholesterol and Chole- 
sterylene. F. i. Nord {Bwchan. Zeitsch., 1919, 99, 261—267) — 
Cholesterol in ^tone solution was reduced by hydrogen in the 
presence of colloidal palladium until no more of the gas was 
absorbed, The dihydrochoksterol, 11^,0, produced m p 141° 
formed an acetyl derivative, m. p. 110°. Cholesterylene wa^ 
hydrogenised m the same way, and yielded choleatane, b p 
269— 271°/ 12 mm., [a]',; +43-32°. 8, 8 Z 

Action of Alcoholic Sodium Acetate Solution on 
Cholesterol Dibromide. A. Wlvdaos and H. LOders (Zeitsch. 
physvil. Chem-,. 1920, 109, 183 — 18,5), — ^Tbe authors have prepared 
the so-called metacholesterol described by Lifschiitz (A,, 1919, 
i, 591), and 6nd that; (1) it yields ordinary cholesterol dibromide, 
reduction of which gives cholesterol, ni. p. 146°; (2) its melting 
point is raised from 141 142° to 145° by repeated crystallisation 
from methyl alcohol; (3) the isobutyrate and acetate are ideutical 
with those prepared from cholesterol. The conclusion is drawn 
that “ metaoholesterol ” eonsists principally of ordinary cholesterol. 

T. H. P. 


Isomerism in the Series of Aromatic a-Ketonic Acids. 

n. Gaci.t and R. Wrick (Compl. reml., 1920, 171, 395—398),— 
It has previously been shown (this vol,, i, 483) that ethyl phenyl- 
pyruvate can be obtained in two i.wmeric forms, a-, m. p. 61°, and 
6., b, p. 149°/15 mm. A third isomeride, •/-, m. p. 79°, has now 
been obtained by the action of sodium acetate on the iS-isonieride. 
The amstitutions a,ssigned to these three isomerides are: 


H-C-Ph 

II 


Ph-C-H 
1 1 


«• B. y. 

It is shown that tJie a- and ^-isomerides, when brominated in 
carlx>n disulphide solution at- -15^ give a f/i^romo-derivative, 
CHVhBr'CBr(OHVC 02 Et-, m. p. which decomposes very 

rapidly at the ordinary tcm|>craturc, losing hydrogen bromide and 
giving the CUrhBr’t'O'COoEfc, h. p. 184'^/20 ram. 

The y-isoiiieride is ouly brominated in boiling carbon disulphide, 
and gives eth ijl ^hr(mo-arhlo-Q-ph(n}il-y‘hti\zylhv.tyrola€tmt-Y 

carhonjhU. ™- P- 151°- 


The a- and y «st^rs are converted into the ^-ester by slow dis- 
tillation uiidet ro<iiiced })ressiirc. The and y-esters are con- 
verted into the a-^ter by shaking in ethereal solution with sodium 
carbonate, whilst the j9-ester is converted into the y-ester, as 
descriljed above, W. G. 


Preparation oi Aldehydes and Ketones. Carl Harries 
(D,R.-P. 321567; from rhrm. 'loiir., 1920. iv, 292).~02onide8 
are treated with reilucing a^cuts. particularly with potassium 
ferrocyanide, in the prweuce or absence of acids, whereby the 
formation of resins is oonsideraWv restricted. The solution of 
isoeugeuol ownide in ethyl acetate gives vanillin in 95% yield. 
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n-Oleio acid ozonide gives nonaldehyde. The ozonides from tar 
oil, gas oil, and the unsaturated oils, obtained by chlorination of 
crude paraffin and elimination of hydrogen chloride, yield mainly 
aldehydes in addition to ketones and small amounts of acids. 

H. W. 

Manufacture of Protocatechualdehyde. Confeotiovirt 
Ingredients, Ltd., Francis Edward Matthews, Albert 
Theodore King, and Thomas Kane (Brit. Pat. 145871). — The 
acid chloride of any suitable acyl derivative of protocatechnic acid 
such as the diacetate, dibenzoate, carbonate, or di-yj-tolueno 
sulphonate, or of the dilrenzyl ether of protocatechnic acid is 
reduced to the corresponding derivative of protocatechualdehyde 
by treatment in an inert solvent at boiling temperature with 
hydrogen in presence of a hydrogenating catalyst, such as palladinin 
or nickel. When the evolution of hydrogen chloride ceases, the 
reduction product is hydrolyseil and protocatechualdehyde isolated 
as its bisulphite comjiound in the usual way. G. F. M. 

Perfumes from Perillaldehyde. S. Furukawa (Jap. Pat 
3.5332). --An alcoholic solution of the aldehytle (150 grams in 
500 c.c.) is heated for two hours on the water-bath with hydroxyl- 
amine hydrochloride (70 grams) and sodium hydrogen carbonate 
(100 gramsl. The resulting oxime, m. p. 102°, is two thousand 
times as sweet as sucrose; it is easily converted into perillonitrile, 
1). [), 116 — 118° 11 mm.. D''' 0-94 — 0'949, which is two hundred 
times as sweet as sucrose, and is suitable as an ingredient of tooth- 
powders or perfumes. Chemical Abstracts. 

The Isomerism of the Oximes. DC. 2 : 4-Dinitrobenz- 
aldoxime and Bromo-substituted Hydroxy- and Methoxy- 
benzaldoximes. Vera Wentworth and Oscar Lisle Bbadv (T 
1920, 117, 1040 1045). 

Unsaturated Compounds in Organic Chemistry. II. 
Constitution of Succinylsucciaic Ester. M. Giua (GazzeUa, 
1920, 50, i, 3S7 393), The aclion of phpnylhydrazine and of 
ua-phenylmethylhydr.azine on ethyl succinylsiiocinate has been 
investigateil (compare Knorr and Biilow, A., 1884, 1380; von 
Baeyer, -Jay, and ./.acksoii. 1,'^9I, 1486; von Baeyer and von 
Briining, .-V,. 1.891. 14.86 : Kijner, A., 1894, i, 67). 

The .action of phenylhydr,azine (I mol.) on ethyl succinyl- 
snccinatc (1 moi.) in alcoholic .solution and in jiresence of acetic 
add yields (I), ,a,s [)riiH-i|>al prorluct, the com/wnm/, 

ll()_If, HO H 

CO,Et^^^CO,Et or /<CO,Et 

H, NiNPh U NlNPh 

which rry<talli5»€s in rarmiiic-re»l. prismatic needles, in. [>• 1^2°, 

dissolves in sulphuric arid to a colfMirless solution, and is only 
slowly aLtAckfnl hy lH>iliiig concentrated alkali solution. Reduction 
of thi.s compound l>y means of so<lium and alcohol yields a violet 
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compound, which does not melt at 240° and dissolves in alkali 
solution with yellow coloration. (2) Ethyl benzenedihydrazodi- 
hydroterephihalate, m. p. 204 — 205° (compare Knorr, lot. cil . ; 
von Baeycr, loc. cil.). The latter and its isomeride, m. p. 166°, 
form the principal products of the reaction when 2 mols. of phenyl- 
hydrazine are taken per 1 mol. of the succinylsuccinio ester. 
Whatever the proportioms between the reacting compounds, the 
reaction yields always a viscous, tar-like resin, which partly 
decoraposn®! formation of aniline, when distilled under a 

pressure of 52 mm. 

The action of oa-phenylraethylhydrazine on ethyl succinyl- 
succihate in alcoholic solution containing acetic acid yields the 
rowpounrf. 


.COjEt 

H /S'-N-NMePh 

H/\cO,Et 


or, more probably. 


H^^COjEt 


COjEt 

H/%NH-NMePh 

ho!^/Ih, 

CO.Et 


H/^NH-NMePh 


Hol ;h 


U\/r 

H/VOjEt 

which crystallises in golden-yellow needles, m. p. 135—136°, and 
dissolves^in concentrated sulphuric acid, giving a reddish-yeno 
solution. 


Manufacture of Aromatic Alkylamino-compounds [Wkyl- 
aminoanthraquinones). Fbebeiiick W h-lum Atack and W ait r 
aniiuoaii H j U7964k — The anunoanthraquin* 

m^^'are alky'latw! hv treatment with an alkyl sulphate in wlution 

“:::;Sn:5.un,of high 

solved in 216 parts I tetg «Ser a 

carbonate added, the ,„^P(,yl sulphate are added 

reflux condenser, while I'H >.„ J p.^ethylaiiuno- 

diiriiig the space of two ’’““'^.yhen^S parts of 2 -aminoanthraquin- 
authraqmnone is obtained. W e 1 methyl sulphate, 

one Je similarly treat^l with b 

2 -dimcthylaminoanthrai|Uiiione is the chief p 

Rhinanthocyanin A. « (Ben d.it. ^ 3®, 

U7_121),-Whe.i rhuianlhiii eoutainiug 5% of 

Akdmolijphuo /iirsufua by ’1'^"* ^ , hydrolysed by the acid 

hydrochltffic add, the glucoside is o ^ ^ud a sugar. This 
into a blue colouring matter, ^ , rapidly, by sulphuric, 

hydrolysis may be effected also, although less lapiuiy, y 
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oxalic, citric, lactic, or acetic acid, and the production of the 
so-called blue (mostly dark brownish-violet) bread is due to con- 
tamination of the flour with the meat of seeds containing rhinanthin 
and hydrolysis of the latter by means of the lactic acid formed 
duriu" the fermentation. In the course of a few hours or days, 
the bfue rhinanthocyanin solution becomes colourless and deposits 
blue or oreen granules, which soinetiines retain their colour for 
many weSis, and sometimes turn brown. Rhinanthocyanin imparts 
a blue or green coloration to chloroform, but does not dissolve 
therein- the colour is due to the presence of granules, O’?— 1^ in 
size, and of droplets of 2-5— 7 and is removable by ultra- 
filtration. P- ' 

Chitin and Chitin Derivatives of Animal and Plant Origin, 
0. SoHMiEDEBEnG (.1 1 'cA . I’.r/it. I'liih. I’hurm., 1920, 87 , 74 86). 
.—Chitin wa.s prepareil by dissolving moulds, previously freed from 
cellulose, in concentrated" hvdroohloric acid and filtering; the chitin 
was then precipitateil from the filtrate by the addition of water 
and washed until free from chloride. From the elementary 
analysis, the formula was calculaterl, which suggests 

that the chitin lost one acetvl group in the treatment with hydro 
chloric acid. It seems to rc.semble chitin of ammal origin, with 
the exceiition that it is less resistant to the action of acids ami 
alkalis. A compound re.sembliug Winter.riein s paradextraii 
wa.s prepared by the author from mould cellulose. The work of 
previous investigators on chitin is reviewed. S. S. Z. 

Transformations of Anemonin by Acids and Alkalis. VI. 
Y AsuiiNc and A. Fcjita (■/. I'hnnn. Soc. Jnpun, 1920, No. 461, 
Coiiiare A., 1892, i, 241 ; lS9f.. i. 623; 1899. i. 030; 1914, i 561; 
1915, i, 1067; 1916, i, 401; this vol., i. (0. 321, 493),--lIaving 
settl^’the constitution of anemonin (1) by synthesis (this vo ,, 
i 493) the authors now explain its Iraiisformatioiis. (.old 
sulphuric acid is without a-tioii ; the hot, dilute acid changes it to 
anemoiiiiiic acid (VI), Cold coii.viitrated Iiydrlodic acid dis.o.ve.i 
the substance, and, on keeping, aiiemoiiolic ai-ul (III) separates 
quantitatively, probably after iiitcriiie<liato lormatioii of dihyclro- 
anemonin (II). 

ch,-c-ch:ch ch./c:ch-cii., 

()-(:0 I O-tl-O ClI^-CO-CIIj-CIIgCOsH 

^ ^ I o-co ^ 

CH.-MlK-ll, 

When warmed with metlivlsulpliiiric arid, aiiemuinii yields « 
mctA,//. «ter, C,ril..O-,. m. p. 62^ of 
acid m. n, 179'". This acid is re<liiced by sodium aiiia 
furan-2:3-dipropionip acid, which is also foriiied 
ing of anenionolic acid above its luell.ng point. The a. tJio. 
no”t confirm the higher melting poi.A » 
acid given by Cooper and Nuttall (T., 1914, 106, 2218). 
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Conceotrated potassium carbonate solution changes anemonin 
into anemoninic acid (VI), which can he isolated in a 10% yield as 
crystals of the o-variety, m. p. 117°. This is readily transformed 
by concentrated hydrochloric acid at 60° to the /3-variety, m. p, 
189°. The two forms are probably cir-tr/rnr-modifications. Both 
yield with ammonia an impure pyrrole derivative. The ^-acid 
yields .with concentrated sulphuric acid and methyl alcohol its 
own methyl ester, in. p. 128°, together with that of furan-2- 
propionic-5-acrylic acid (almve). Anemoninic acid is oxidised by 
jTermanganate to acetonediacetic (y-ketopimclic) acid. The form- 
ation of anemoninic acid (Vt) from anemonin is represented as 
.follows; IV and V are hypothetical: 


cHj-c(OH)-ch:ch’CO,h 


, 0 - 


CH,-C<, 
(IV.) 


-(?o 


Cfl 


.0— CIO 

■™^ch:c;h 

(V.) 


CBj-CO-Cn^'CHj-COjH 

(VI.) 

Sodium and 98% alcohol traiisforra anemonin into e-anemonic 
old (IX), m. p. 120°, which is chaiigel by heating with eonoen- 
rated hydrochloric add to the stereoisomeric .d-variety, m. p. 210°. 
Soth are reduced catalvticallv to the same tetrahydroanemonic 
,cid (VIII), m. p, 135°.' Auoinonolic acid (III) is transformed by 
Jcoholio potassium hydro.'citle at the ordinary temperature to 
tnhmlroanemmiolU’ (iviil (Vll), m. p. 129°, yielding a 

mimnrhMun-f, m. j). 208°. This acid combines with one molecule 
)f hydrogen calalytically, and is then found to be identical with 
[etrahydroauemonic acid’ (VIll). formed by reduction of auemomc 
acid, whence the constitution IX is deduced for the latter. Its 
formation from anemonin by sodium cthoxide is attributed to the 
intermediate formation of anemoninic acid (yi), although the 
latter itself could not be converterl into anemonic acid. 


CHj-CO,!! 


(IHj'CO'CH 
CH,-C0-CH,-CH,-COjH 
( 111 .) 


CII.J C-CHj-CII,'CC 

CHj-C0-C'CH,-C0jH 

(VII.)" 


(jIH, C:H-CHj-flH,-CO,H 

CH.-co-Ci; 


:h-ch,-cOjH 


aJicraoniii 


NaOEt 


(VIII.) 

t 


(j!H,'C0'CH:CH-CO,H 

-CHj’CO'CHj-CHj'COjH 

(VI.) 


CH, — c-ch:ch-co,h 

in,-CO'C-CHj-CO,H 

(IX) 


fi. B. 
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Nature of the Red Dye of Crustaceae. J. Verne (Compt, 
retul. iW. Biol., 1920, 83, 963 — 964; from Cheni. Zentv., 1920^ 
iii, 259). — The red dye of crustaceee behaves in the same manner as 
carotin towards solvents. The latter also yields a violet-browii 
additive compound with iodine and a blue coloration with sulphuric 
acid. The absorption bauds of both dyes are similar. The dye of 
the crustaceee is a compound with carbon and hydrogen in the 
ratio 5:7, and, according to ebullioscopic determinations, has the 
cjiipirical formula H. W. 

A Comparative Study in the Xanthone Series, i. 

Si'RENDRA Nath Dhah (T., 1920, 117, 1053 — 1070). 

Preparation of Derivatives of Hydrastinine. Karl W 

Rosenmund (D.R.-P. 320480; from L'/mn. Zentr., 1920, iv, 233), 
— The process def^ds on (i) the treatment of methyleuedioxy- 
phenylwopropylamine with formaldehyde or substances which yield 
formaldehyde and catalytically active agents, and oxidation of the 
condensation product thus formed ; (ii) the condensation of 
methyleuedioxyphenyl/Aopropylamine with formaldehyde or jub- 
stances which yield formaldehyde, transfonnation of the alkylMene- 
amine thus produced with the aid of active catalysts, alkylation, 
and oxidation of the sul>stance so formed; (iii) the use of iodin? 
as oxidising agent. 6 : 7-Methyiene<Uoxy-3-methyltetrahydro/V> 
quinoline, m. p. 65 -67®. is obtaino<l by heating the oilv product 
of the action of calculated quantities of methyleneilioxyphenvliV 
propylamine and formaldehyde with hydrochloric acid (35'“o) at 
100®. The base is oonverte<l by methyl iodide into i-int'ih>jl 
({ihy<Irohu<Irii.<tininf hyilnmJule, m. p. 240®; the free han has 
m. p. 86®, whilst the /(v'/nw/iWjV/r has rn. p. 230® The hydro- 
chloride is dire^'tly obtaine<l when methylenedioxyphenyh'opropvl- 
amine bvclrochloride (I part) and commercial formaldehyde solii- 
timi (2 parti*) are heated for three hoiirs at 130 — 135®. 3-Methvl- 
clihydrohvdrastinine is converte<l by iodine and pota^iuni acetate 
in alcoholic solution into ni. p. 

207® m. p. 103 lol'^). The <i\rhromofr, obtained bv the 

action of potassium dichromate and sulphuric acid on an aqiieoii? 
solution of 3 Tnethyldihydrohv<lrastiiiine hydrochloride, is oily, 

/<y//nWw/e separates OD 
Iroiliiic: a solution of 3-rnf»thvlrlihvdroriorhvdra.'itiiiine in leiizeiie, 
ant] is oxidisetl to nut fn/I-’S-ethi/l norh>/(frn.<t ini nr. (A?/r/rwAVr, 
vellow crystals, in. p. 210®). The products are less to.\ic than 
hydrastinine. H, W. 

Preparation of Tropinonecarboxylic Esters. R. Willst.^her 
fl),R. P. 302401 ; from Chew. Zrntr,, 1920. iv, 42 43), -.V-Methvl- 
pyrrolidinediacetic esters are treated with an alkali metal or other 
cfjnderijtintj agent. The initial material for the synthwis j- 
suariiiyldiacetic e^ter. which is transformed by niethylamine 



OEOANIC CHEMISTRY. 


i. 681 


aoetio acid solution, for examplo, into the corresponding A'-methyl- 
pyrrolediacetio ester; the latter is reduced by hydrogen in the 
presence of platinum in acetic acid solution to iV-methyl- 
pyrrolidinediacetio ester. The diethyl ester is a colourless, mobile 
oil with an alkaline reaction, b. p. 162'5°/9 mm., whilst the methyl 
ester has b. p. 155'5°/12 mm. The h^-methylpyrrolidinediacetic 
esters lose alcohol under the influence of sodium, sodium alkoxides, 
or aodamide, and yield tropinonecarboxylic esters, 

• CHj-CH-CHj-COjKt CH.'CH CH'CO,Et 

I ^NJIe -> I >NM6 >C0 

CH,-CH-CHj-CO,Et CHj-CH CHj 

For further preparations, the ester is only obtained in solution or 
mixed with sodium salts; its separation from admixture with 
organic substances is difficult, since it is very readily decomposed 
and resinified ; it is very slightly soluble in water and exhibits a 
strong ferric chloride reaction. Ethyl tropinonecarboxylate is con- 
verted by warm dilute acid into tropinone, which can be isolated 
ill substance or as the iiicrate or dibemylidene derivative; it is 
reduced electrolytirally or by sodium amalgam to r-ecgonine ester. 

H. W. 

HetErocyclic Compounds of M-Arylamiao-alcohols. R. E. 

RiXDFUSZ and V. I/. Hau.x.u K (./. .Imir, ('hem. Soe., 1920, 42, 

i;20 1723). — Aniline condense? with trimethylene chlorohydrin 

to give y-hvJro.ri/propijIiinHiiie, KHPh*CHcCII;,’CIl2'0II, b. p. 
192°/30 mm., n™ 1-502, D® I 003. and (li-y-hydnuypnptilaniUne, 
XPh(CHcCHj'C'n.>-OH).,. b. p. 241— 242“/25 mm,, 1-565, 
1)!® 1 097' When "dehydrated by phosphoric oxide, the first-named 
compound yields tetrahydroqninoliue, whilst the second yields 
julolidine. Tetrahydroquinoline, when condensed with allyl 
bromide, gives \-aH;/lf(lnih;/ilrmiiiinijliiie. b. p. 135°/25 mm., 
»!< l oo'fl, D-* 1 024, and with trimethylene chlorohydrin gives 
\-y-h> 4 <leo 3 :ilpropyUeirahij(lfo(iuinohite^ b. p. 227 — 229^/18 mm., 
n* I’oGl b” 1091, which, on debvdratioii, yields jiiblidiiie. 

d-Hydr’oxyethylaiiiline, NIlPh-CH.-CRyOH, has b. p, 188“/ 
30 mm n-< 1576, D=* 1101, and di-fi-hydroxyethylamlme, 
NPh(CH..-rH..-OH).>, 

hash, p. 228°/15 mm., m. p. 53-5—54“. /5-Hydroxyethylaniline on 
dehydration gives dipbenylpiperaiine, and di-8-bydroxyeth^aniline 
yields pheuylmorphotiu. 

The Cyanine Dyes. H. The Synthesis of o-Ammo- 
cinnamylideuequinaldineMethiodide. William Hobsoit Mills 
ami Pekcv Edwin Evans (T., 1920, 117, 1035—1040). 

Thiocyanates and Thiocarbimides. XIV. A New Method 
of Synthesising 2-Thiohydantoins. Teiat B. Johnson, Amhub 
J. Hill, and Ekwin B, Keisev (J. .I«". *c., 19-20, 42, 

Hn-1720).— (o-Aminoacetanilidc reacted with carbon disulphide 
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in alcoholic solution to give the unstable a-aminoacetamlide salt of 
the corresponding dithiocarbamio acid, 

NHPh-CO-CH,-NH-CS-SH,NH,-CH2-CO-NHPh, 
ra. p. 145° (decomp.), which, by the action of ethyl chloroformate 
was converted into the rariet/ioj-i/ dcrivative, 

NHPh-CO-tlHj-NH-CS-S-COjEt, 

and this, on distillation, yielded 2*thio-l-phenylhydantoin. This 
thiohydantoin, when digested with chloroacetic acid, was converted 
into 1-phenylhydantoin. 

When ethyl chloroformate acted directly on w-aminoaeetanilide 
a-rarhelho-r>/ni»in(>{n'etanUf<lf, m. p. 137'.5°, was obtained, which 
was converteel by the action of alcoholic potassium hydroxide into 
1-phenylhydantoin. 

The dithiocarbamate (abovel. when digested with niercnric 
chloride, was converted into u-thiocarbimidoacetanilide 

Nnph-co-cii,/xcs, 

which spontaneonslv and immcdiatelv comlensed to give 2-tliiol. 
phenylhydantoin, Ihe benzylidene derivative of which condensed 
with benzyl chloride in the presence of sodium ethoxide to rive 


cn,Ph 




a 

CHPh’ 


m. p. 178°. 

The spontaneous change of the ihiocarbimide, 
NllPh-CO-t’fl.-XfS, 

into 2-thio-l-phenylhydantoin. and the series of changes describe 
above, are taken as strong sn|iport of the view that the con 
version of comnoimls of the type Nil R-CO-CH.CT into if-tbic 
hydantoins, is bv pia-ssasge through the normal thiocyanate (.1, 
I'SIS. i, 2561. ami not through the thioe.arbimide (Beekiirls am 
Frerichs, A., 1915, i, 79^. 799). W. G, 


Preparation of Isatin and its Substitution Products 

J. R. Geiov (D R. P. .'i-VinlT: from Chi iv. Zailr.. 1920, iv, 2231 
— oj-Oximinoacrtanilide. NIIPlrt'O-tTr.X’OlT, or its halogen 
alkyl, alkyloxy . or cari.oxyl nibstitntion products, which an 
capable of enndensation, are wanned with concentrated siiljiliurH 

acid, and llie isatmimines of the general formula 


(in which R represents a snbstitnte'l or nnsuhstitnterl taieiu 
nucleus and II' a hvdrogen. alkvi. or arylalkyl group), which are 
thus formed .are eieei or-'. I’* ' vater into isatins and ainnionia 

The following evaic.- les are eit* 1 ’ isatin from w-oximinoacetaiiiiihe, 
5-methylisatin from « iixiiiiiimareto-ptolnidide; l-iddora-I-aift/imr' 

italin,'m. p. from rhlnro-oi-oximinoacetanisidide; 

cnthttryltr tint!, m p. 2.1.5°, from w-oximinoacetylanthrandic a^' 
5-chloroisatin from p chloro-iu-oximinoaceianilide; 4:7-i 'rM'r) 
wo/izE; orange-yellow rryatals, from 2 iS-dichloro-ia-oxmin't^ 
anilide; .V-ethyl-^-isatin, dark red crystals, from w-oxmnnoa 
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efchylanilide; iT-benzyl-^-isatin^ orango-yeilow substance, from 
a oximinoaoetobenzylanilide. jj yi/ 

Chaises in the Physical State oi Colloids. XXIII. Acid- 
albomin. Mora Adolp and Eerst Spiegel {Biochem. Zeitseh., 
1920, 104,^ 175 189).“In the conversion of semm-albumin into 
acid-albumin by the action of boiling hydrochloric acid, the proteia 
molecule changes in its acid-combining, but not in its alkali-com- 
binihg, power- One gram of acid-albumin combines at most with 
2 5 millimols. of sodium hydroxide, the equivalent weight of the 
acid-albumin being thus 416, which is the value found for the 
natural serum-albumin. The acid-combining power of acid- 
albumin is, however, 20% higher than lhat of the albumin itself. 
The values for the viscosity of add-albiimin solution are higher 
than those of the protein, but they exhibit the same changes on 
addition of acid or alkali, these changes being hence due to similar 
ionisation influences. 

On addition of alkali hydro.xiile or acid to a solution of the 
natural albumin, the rotatory power reaches a maximum corre- 
sponding with the maximum of acid or alkali-combining power, this 
maximum persisting even when the excess acidity for a 1% solution 
amounts to fl'l.V. When hydrochloric acid is added to an acid- 
albumin solution, the rotatory power changes and shows a distinct 
maximum at O'OoS.V -acidity, but diminishes at higher acidities; 
the nia.xinuim rotation corre.sjionds. not with the maximum of 
ionisation indicated by the viscosity cuiwe, but with an appreciably 
higher acidity. According to conductivity measurements, acid- 
albumin in neutral salts is torsmlcut, the velocity of migration 
being l' = 41T. 

Addition of salts of the heavy metals precipitates acid-albumin 
hen dissolved in sodium hydroxide solution, but not when dis- 
)lved in hydrochloric acid ; this precipitation hence represents a 
faction only for the negative protein ion. T. H. P. 

Changes in the Physical State of Colloids, XXIV. Pre- 
ipitation of Protein by Acids and Alkalis, Richard Wagreb 
IliiH-hfin-. Zeitseh., 1920, 104. 190—199. Compare Pauli and 
flaiidovsky, A., 1909, i. 61?; Pauli and Wagner, A., 1910, ii, 830). 
— Re.sults are given of investigations on (U the concentrations of 
I number of different acids just sufficient to produce flocculation 
in serum-albumin, f2) the visoiisities of serum-albiimiii containing 
various acids in the concentration O'O.o.l. and (3) the swelling of 
glutin ill 0‘05.Y-acid. From these results, the conclusions are 
drawn that the state of the protein salt, as regards hydration and 
ionisation, conditioii.s the precipitability of this salt in e.xoees of 
acid, and that there is no reason to suppose that this precipitability 
is not primarily to be con.sidered as displacement of a salt from 
solution by excess of its acid. 

According to tho author's views ou the mode of salt-formation 
between alkali and protein, relations similar to the above should 
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hold in this case, and this is actually found with pure serum- 
albumin and allyiii hydroxide in concentrations exceeding 67^^ 


Some Properties of Serin. M. Piettre and A. Vila {Compt- 
rend., 1920, 171, 371— 373).— Serin, as prepared from the serum 
of horse blood by the method previously described^ (ibid., 170), 
is soluble in water even after drying at 40° or in a vacuum 
over sulphuric acid. It has [a]u —57° to —58°, and contains much 
higher percentages of sulphur and calcium than the corresponding 
senim globulin.' It exhibits the jiroperty of separating from its 
solution in an almost solid, granular mass at 0°, and dissolving 
again at the ordinary temperature. W. G, 

Changes in the Physical Condition of Colloids. XXII. 
The General Chemistry of the Caseinates. II. VVolpc.aso 
Pauli and Joiiaxx Matvi.a (liim-hem. Zntsrh., 1919, 99, 
219--'33C. Compare Pauli, A., 1915, i, 1010).— Conductmtv 
exjieriment.s show that there are two zones in the reaction of casein 
with alkali hydroxide. Tn one zone, in which the reaction is 
neutral, the valeiicv of the caseinate ions remains constant, whilst 
the ooiuluctivitv iucicases slightly. In the second zone, when more 
alkali is added, both the valency and the conductivity of the 
caseinate ions increa.se. It is de<luced from the conductivity cun’es 
that there exists a neutral trib,a.aic caseinate which can take up more 
caseinogen without changing its valency. 8. S. Z. 


Causes of the Conductivity of Casein Solutions. L 

MixnoKi ami M. Poi.ASVi Utm-hem. '/.eil^eh.. 19311, 104, 
m'j.l- -•2,581.- Measurements of the electrical conductivity of neutral 
casein solutions -how that the protein in solution is not a good 
conductor, so that the l■o^due^ivity of these solutions must )» diif 
largelv to decomposition products of the caaeiu (compare Laqueiir 
and Sackur, A.. 19ii3, i, 300; Rol)crt.son, ' Physical Chemistry ol 
the Proteins”). 


Benzene Derivatives in Glutin and Protein-content of 
Gelatin. K. Salkow.ski {Zettsch. phpiot. Chem., 1920, 109, 
3-2 48. Compare A , 1919, i, 50'21. The author h.as invpstigaW 

the Ijenzene deriv.atives formed when the liest commerrial gelatin is 
subicetcsl ill solution at Im' to the action of a maceration of putrely 
iiig meat in prerem-e of pot,as,si\iiii dihydrogeii phosphate, ms- 
nesiiim sulphate, sodium rarWnate. and, in some 
potassium tartrate. The prinlueta identified comprise: (1) IrJ® 
of an indole deriv.ative. CJ) About O-li;:. of 
acids, ralciilaled on the anhydrous, ash-free material, ’ 
that gelatin ci>nlain-« the tyrtrbhw group 
sliccinfc arid, derivefl from the aspartic acid of t © gf' > 
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found in small quantity. (3) At least 1'3% of phenylpropionio add. 

It has also been found possible to isolate a proteig from gelatin, 

T. H. P. 

Prosthetic Group of Blood Pigment. Action of Diazomethane 
on certain Colouring Matters and on Anhydrous Ferric 
Chloride. William Kostkr {Zeilsch. physiol. Chem., 1920, 109, 
jqg — 116), — According to the ordinary formula for hierain, the 
chlorine is assumed to be united U> iron, although union with 
nitrogen is not excluded. In the action of diazomethane on 
different hssmins showing marked differences as regards esterifica- 
tion, removal of the halogen has never lieeii observed. The author 
[with 0. Kl'SCh] has now investigated the action of diazomethane 
on the hydrochlorides of various colouring matters of known con- 
stitution, and also on anhydrous ferric chloride. The results 
obtained indicate that true hasmins are allied rather to this 
anhydrous chloride, which is altered but little by diazouietbane, 
than to the hydrochloridce of di- and tri-phenylraethano dyes, 
(roiu which hydrogen chloride is very easily withdrawn, with form- 
ation of methyl chloride. With the hydrochloride of a furyl- 
methylindoleiiyliiiethane, the reaction is less ready, and with 
crystal-violet reduction to the leuco-base takes place. Finally, with 
a rhodamine hydrochloride no esterification occurs, so that the 
carboxyl group cannot bo free, and an oxonium grouping must be 
assumed (compare Noeltiug and Dziewonski A., 1905, i, 936). 

The action of diazomethane on J'yortnninuni coeruleinn, that is, 
mi Deiitaniethyltriaminotriiiheiivliiiethyl chloride, 

results ill removal of 86-7“„ of the halogen. With P. annum, that 

is tetramethvldiamiiiodipheiivlaiiiiiioniethyl chloride, 

NH..;CC)((yi,-h'.Mec)c. 

79 ' 3 % of the chlorine is withdrawn. ... , 

Tetramethyli'hodaniiiie hvdrochloride, obtained 

from dimetbyl-m-aiiiiiiopheiiol and iihUialic anhydride, forms green 
plates with meUllic lustre, iii. |). (dry) 288- -290® and dissolves in 
water or alcohol, giving a cariiiiiie-red solution showing orange- 
yellow fluorescence. The free base is obtained in green leaflets 
ffihibitinv metallic lustre, and dis,-olves sparingly in ether or light 
petroleum, and more readily in benzene, toluene or xylene, gmng 
Sourlcss solutions. The constitutions ol the coloured aud colour- 
less tnodificatioiis of the base are 




and 




In benzene solution, the anhydrous base is unaltered 
ii7‘^;:rnkan:,S, however, -thdraws 97-4% ot ^onue 

from the hydrochloride, but does not ® , oassine 

ester of titramethylrliodainiue. tyH..,0,lVc, obtained by pas-ing 
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hydrogen chloride into a solution of the hydrochloride in methyl 
alcohol, forms giolot-red needles, m, p. 190'^, is insoluble in 5% 
sodium carbonate solution at the ordinary temperature, but dis- 
solves, with liydrolysis, in cold 1% sodium hydroxide solution, givincr 
a red solution; it is soluble also in hydrochloric acid with a red 
coloration. 

Fitryl-a-muthyUmlofaiylmcthane hydruchlorule, 




prepared from furfuraUlehyde and 2-raethyliudole, forms spherical 
aggregates, m. p, 300° (deoomp.), tho base being obtained as a 
brown precipitate on aiidition of sorlium hydroxide solution. When 
susiiended in acetone and treaterl with diazomethane, the hydro- 
chloride loses nearly all its chlorine. 

From an ethereal solution of ferric chloride, diazomethane with- 
draws 6'71% of the chlorine. X. H. P 


Calorimetric Investigations on Melanins. Franz vox 

Hoekft (liim hem. Z,;i.<rh., 1320, 104 , 1 -,S).— With the object of 
obtaining iiiturmation indicative of the mechanism of formation of 
melanins, the author has determined the heats of combustion of 
various melanin preparations and of certain alliesl acids. The view 
that the formation of melanins in the integument, s has its oririn 
in tyrosine, or in tho dihydro.xyphcnylalanino resulting from the 
oxi<latioii of tyro-ine, is not coiitroverterl by the author's result.!, 
the heat of combnstion of tyrosine being of the same order of 
magnitude a- that of the hippomclanin and that of one of the two 
liver melanins examined. On the other hand, the melanoidic arid! 
formed during tho hydroly.sis of proteins by concentrated mineral 
adds are almost undoubtedlv derived from trvptophaii. 

T, H, P. 


Hippomelanin. III. Oito liiEstiF.R and Peter Hona (Zcttsch 
phy^ioi. 132f>. 109 . Itl 31). The authors have reyeated 

and extendesl their e.Trli<'r work 190.'<, i, 1(I23; 1909. i, 749) on 
the decomposition of hipy.ninelanin by the action of Ti hvdrogen 
peroxide solution, 'rio* results obtainesl show that the criticisnis 
of Adler-f ferzmark (A.. 1913. i, .timi) are not justificfl, ami that the 
experiments imide by this antlu.r were inaiiei]nate. 

Great difliciiUy is exi)eriericnd in ridiling the melanin of 
admixture*, tmt, after thorough purification, the i)rcpai'ation3 
obtained alway.s gave guanidine and ether-soluble adds in small 
yields when subjected to oxidising decom|ios;lion by nieaiis of 
hydrogen yieroxide. That the proportion of guanidine sepanted 
rejiresents only a minimal value i.s shown by the observation that 
guanidine carlionate is largely destroyeti by hydrogen yiero.vide at 
steam bath tein|>eratnre. When the action of tho hydrogen |*r' 
oxide is siifliciently yirotracled, a largo [iroyiortion of the carbon 
of the melanin undergoes oxidation to carbon dioxide. Gradii 
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oxidation of melanin by means of hydrogen jjeroxide in anunouiacal 
solution promises to yield more characteristic decomposition 
products. T, H. P. 

Relation oi the Free Amino-groups to the Lysine Content 
in Proteins, K. Fstix (Zeitsch. physiol. Chcm., 1920, 110, 
217 — 229).— The author has estimated the nitrogen titratable with 
formalin in hydrolysed and unhydrolysed arachin (from Arachis 
kypogaial, glyciuin (from Soja and gelatin, and draws 

the conclusion that the fraction of the hydrolysed protein which 
is precipitated by phosphotungstio acid after the removal of the 
.other diamino-acids contains another nitrogenous substance besides 
lysine. The author further considers that Van Slyke's assertion 
(A., 1914, i, 212) that the tree amiiio-groups of unhydrolysed pro- 
teins contain exactly one-half of the nitrogen of the lysine in the 
protein molecule is not jnstifierl. He suggests that the grouping of 
the amino-acids in the molecule may vary with the individual 
protein. S. S. Z. 

Chemical Constitution of Adenine Nucleotide and of Yeast- 
nucleic Acid. W. Jo.SEs {Amcr. J. Physiol; mo, 52,193 — 202). — 
When adenine nucleotide is hydrolys^ by 5% sulphuric acid at 
100°, the purine group is split off much more rapidly than the 
phosphoric acid ; further, adenine nucleotide is a dibasic acid, 
hidicating that only one hyilrogcu of the phosphoric acid has been 
replaced. These facts necessitate the union of phosphoric acid to 
arbohydrate. and that, in turn, to adcuiiie. The structure of 
adenine nucleotide is thus similar to that of guanine nucleotide 
(A,, 1917, i. 59'). When yea.st-nucleic acid is hydrolysed with 
mineral acid, the rate at which phosphoric acid is set free corre- 
sponds practically with the coniiwsite rate calculatel for a mixture 
of the four nucleotides. If yeast-nncleic acid is a chemical com- 
bination of the four nucleotides, then in this union the phosphoric 
acid group of the nucleotides is not distnrixrd and the nucleotide 
linkings cannot be through phosphoric acid groujts. Adenine and 
giiauiue are split off from their respetive nucleotides and from 
yeast-nucleic acid by acid hydrolysis with ccjuai rapidity. This 
shows that in yeast-nncleic acid the linkings cannot be through the 
purine groups, and prob.ably not through the pyrimidine groups. 
By this process of elimination, the nucleotide liukiiigs in yeast- 
nucleic acid must be through the only remaining group, namely, 
the carbohydrate, Chemic.cl Abstracts. 

Action of Boiled Pancreas Extract on Yeast-nncleic Acid. 

W. Jones [Ajiier. Physiol,, 1920. 52. 203 207). When an 
aqueous extract of pig pancreas is boiled and filtered, all its active 
agents but the one that decomposes yea-^t-nucleic acid into 
nucleotides, are destivyeU. The extract will not act on thymus- 
nucleic acid, When yeasl-iiiicleic acid is coiivcrteel into nucleotidee 
by this active agent, there is not the slightest change in a™>ty. 
This is regarded as the crucial test which proves that the nucleotide 
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linkings in yeastnudeio acid are not through phosphoric acid 
groups. A structural formula for yeast-nucleic acid is suggested 
having the nucleotide linkings through the carbohydrate groups 
(compare preceding abstract). Chemical Abstracts. 

Preparation of Adenine Nucleotide by Hydrolysis of 
Yeast-nucleic Acid with Ammonia. W. Jones and A. F. Am 

(.Imfr. ./. Wi/sm/., 1920, 50 , 574- 578).— Adenine-uradl- 

dinucleotide as prepared by Jones and Germann (A., 19)6, i, ,ul5) 
appears to be a mixture of adenine nucleotide and uracil nucleotide. 
Using the method of Jones and Kennedy (A,, 1919, i, 360), the 
authors separated from the mixture adenine nucleotide, which had' 
the composition required by the formula C,eHuOjNjP,H.,0. The 
mother liquor from the adenine nucleotide yielded the brucine salt 
of uracil nucleotide. Chemical Abstracts. 


Carbohydrate Derivatives of the Mucoids and Mucins. 

0. ScHMiEDEUERG (Arch. (.rpt. I'dth. I'lutnii., 1920, 87 , 31—47). 
—The hyaloiditi content of the mucoids and the iiiiicin.s is calcu- 
lated from the analytical results obtained by other iiive.stigatori 
for some of these com|)oniids. In the case of ovomucoid, the author 
also calculates the hyaloidiii from the reduction ligiires obtained 
by hvdrolysiiig the compound with hydroclilorie acid. The com- 
muiiicatioii contains a theoretical discussion o! a series of compounds 
containing hyaloidiii, S. S. Z. 

Nitroeenous Carbohydrate Compounds of Protein. 0. 

SCHMIEDEBERO {Arch, rr/jt. /’dtll. I'hdnn.. 1920, 87 , 1—30),- 
Nitrocfiious piwliicts. ternieil bv the author hyaloidm, were 
obtaineil as cleavage prixlncts froin egg-wliite, ovarial fluid, mucin 
from pie’s stomach, ami librin. E'gg white was treated with '2 o',. 
nota.ssinni hydroxide -oliition at the ordinary temperature until il 
dissolved, and then boiled for four to five hours with 10';, alkali 
After precipitatin'' the [iroteiii with acetic acid, the comeiitraled 
filtrate was treated by the copper- potassium hydroxide method, and 
further traces of protein were preci|>itate<l with alcohol. IM 
hyaloidiii was then obtained from this fraction either by precipita- 
tion with lead awtate or by treatment with hydrogen proxide, 
and contained copper and chlorine. Ilpdiodlin I'l^ed from 
ovarial fluid has the composition ( nii 
hyaloidiii and that obtaine.l from Kchmocdcan “ 

riuciiig capacity after hoiling with hydrochloric acid. Hvalou 
obtained from egg-wh,te hiul a similar compcMtion and the^ 
reducing power. Hyaloidm deriv^ from mucin of 
also shows a reducing cajiacily of the same order, 
concludes that hyaloidms from the above sources are 
silgeeets that the niohmule contains two glucosamine, wo hex 
and^one acetyl group. F’hnn^hpdhtuhn obtained Irom li , 

C I i»» tllDI''' 

is different from those already disou^, and, m 
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opinion, couUins two glucosamine and three hexose groups, one of 
which is Ijevulose. The structure of the compound is discussed. 

S. S. Z. 


Theory of the Action of Diastase. Gertuub Woker {Bioclum. 
Uiisch., 1919, 99, 307 — 316). — A reply to Wohlgemuth’s criticism 
fA 19i9 h 361) of the author’s theory of the action of diastase. 

^ ■’ s. s. z. 


Formation of the Gum, Levan, by Mould Spores. I. 
dentiflcation and Estimation. II. Mode of Formation 
ind Influence of Reaction. >^ichoi:,as KopEtorr, Lulian 
^opEtoFF, and C, J. Welcome (■/. Biol. Chem,, 1920, 43, 

jjl 187 ). — Mould spores {.isperi/ilhis spdoiri, Bainier) contain 

an enayme capable of forming gum iii sucrose solutious of all con- 
centrations up to the saturation point. The gum is levan, m. p. 
about 200 ° ; it yields la;vulose on hydrolysis, and in the pure eou- 
(lition has [a] - 40-9°. The invcrtase method may be applied to the 
estimation of sucrose in the pre.scnce of gum. The gum itself may 
be estimated polariscopioally by using a combination of the Clerget 
and invertase methods. 

T.evaa is formed by levanase from mould spores most readily 
from ''nascent” dextrose and laivulose, but it appears that the 
latter is utilised to a greater extent than the de.xtrcse. Only a 
•Holit fonnation of gum was obtained with reducing sugars in the 
bsence of sucrose. The activity of levanase is inlhienced by the 
eaction of the medium. The optimum reaction occurs at about 
7'0. 


Preparation of Highly Active Saccharases. Ill, The 
Purification of F-preparations by Dialysis. H. vox Eoler 
X o7sv.vnBEUG {yJn-h. arm., 19-20. no. 175-190)^ 

-Several of the authors' saccharase F-preparatious were submitted 
to fractional dialysis through a collodion membrane. It was found 
that the carbohydrate content of the enayme increased as the 
dialvsis proceeded until a point was reached at which it became 
isUtioiiary, The authors are therefore of opimoii that f,ccharase 
Lust couaisl chielly of carliohydratesi. On the other hand, 
Irogeii content of the dialysed saccharase diminished and reach^ 
Imiit rather higher than that obtained previously (Zeitscfc. 
hjml Chem., 1319, 109. 6 ii). These e-xiienments show that 
ireharase does not require a co-ciisynie for its function. ». . 

Toxic Actions in Enzymic Processes. I, 
laccharase by Heavy Metals. H. vox Evler and Olof .. 
hmcnlforsch., 1920, 3, 330-393; from Urn. 1920 

ii, 200 - 201 ).— The experiments were performed by observino toe 
nversiou of sucrose by the saochara.s 6 solution lu 

phjM. Vhom., 1919, 107, ’273). It is ™ 

pxic powfjr of the silver ion toward* saccharase 13 co y 

VOL, oxvm. i. 
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greater than that of the mercuric ion. The enzyme ** *'*'«% 
fnactivated, but not destroyed, since its power is completely 
rXred hy removal of the heavy metal or by convertmg it into 
an insolubfe form (by hydrogen sulphide). The graph lowing the 
relationship between toxicity and coiicentraUon in ^e case of 
Lefeuric chloride resembles the dissociation curve, wher^ c^- 
plete proportionality is found in the case of alyer nitrate. The 
LLtrLe (sucrose) eLreises a considerable protective action towards 
metallic pLoning. which must be taken into account >n calculating 
Sie neoiisarv- au.ouiit of poison |>er enzyme unit. \V.th sma I 
amounts of mercuric chloride, the cwfficieiit of inversion falls 
rapidly with the time. The degree of imisoiimg also depends on. 
the length of time during which the mercuric chloride and 
saccharsLi are in contact previous to inversion; self-regeneration ■ 
of the cnzvme occurs gradually, the proce^ apiupiniig to be 
analogous to the '• Danysz effect in numunocheimstry. The con- 
centration of free silver ions hecoines greatly diminished after 
addition of the enzvnie solution to a dilute solution of silver nitrate 
but metallic or colloidal silver is not termed, so that it would 
appear that union occurs with some components of the emyinc 
solution; it is found by electrometric measurement that each c.c, 
“ enzyme solution (ooutainiug ,>6 mg. of dry suhstance) r^uiret 
from '’8 to 55 mg. of silver. The toxic action of auric chloride 
ward's sacchara,^ is of the same order as that ol mercuric 
blonde, whilst c-oplier sulphate is much less poisonous and 
wdmiinii sulphate, thallium sulphate, and uranium mtrate are 

'"TlSVrwious data conoeruiiig the inhibition of enzyme actions 
by heavy metals arc collected. 

Artificial Zymogens. MauTtN J.acoDV {Uwchcvi. Zeitsek, 1920, 

104 816 32'd).- The name artirH'ial zspnogeu is giieii to enz)iM.- 

inactivated by nickel or by mercuric chlnrule, this inactivation 
tieinv assumed to lie due to the tormation ol complex compounds 
of the enzvmo with the inactivating siit«lance. 

Inactivr^tion of urease is effoclcd by means of mi.mna pr por^ 
lions of uickelons oxide, whereas a somewhat large quantity o tk 
imdissolved metal is required for the same purpose; it is now to id 
that onlv the slidit tr.aces of metal passing into solution are acti 
^^this rest^et "lu order to decide whether the nickel cop, bi . 
with the enzyme molecuW or whether 
. in solution prevents the enzymic action, then 

was subjected to dialysis, it.s action on carbamide “ ^ 

examined lioth l^fore and after ^ XaU by dialv® 

cyanide. It is found that the Tlieluclusioi; h 

alone, but remains in the dialvstul ■ .i.jiii the eiuv™*- 

drawn that the nickel form.s an actual [jl'j tPe ii'icte' 

Experiments made m presence of g yc ' ^ jvmogen and 

enters the amiiio-acid compound, ‘'"I 

escaping dialysis; in this way. the enzyme is ^ ^ p 
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Frepara4on oE o-Gu^tholmonomethyltriozyarsenosnenthol. 

Altbed Macebsbergek (D.R.-P. 320797 ; from Chem. Zentr., 1920, 
iv, 293).— (i) Mentbolguatholsulpburic ester is condensed with 
disodium monomethyl arsenate, (ii) Sodium benzenedisulphonate 
is treated with sodium ethoxide, and subsequently with sodium 
arsenite; the intemediato product so obtained is treated with 
methyl inenthylsulphate. Mentholguatholsulphurio ester is a 
browu, oily liquid. The final product is a viscous mass, which 
solidifies at about 22“ and has b. p. 154“ (decomp,); it is expected 
to find application in pharmacy. H. W. 

Svathesis oE Boranilides. I. Boranilide and its Deriv 
’ ativaS' Tabixi Charas CnAuonuiii (T., 1920, 117, 1081—1086). 


Elements o£ the Oxygen Group and Organo-magnesium 
Camponnda, M. Giua and h. Ciibrchi (Gazzcita, 1930, 60, i, 
362—377). — The action of tellurium on magnesium phenyl bromide 
ia similar to that of sulphur or selenium, and results in the form- 
ation of phenyl telluromercaptau, diphenyl ditelluride, phenyl 
telluride, and, in small proporliou, hydrogen telluride; 

(1) MgPhBr-HTe=Ph'Te’MgIlr. and the latter +ilCl=MgClBr-t 
rePhH; (2) 2MgPhBr + 2Tfin:TePh.,.'rTe(.MgBr).., and the latter 
+ 2HCl=TeHj-t2MgCIBr. The amount of hydrogen telluride 
indicated by equation (2) is, however, greater than that actually 
formed when the complex is treated with ililute acid. The form-, 
ation of phenyl telluride apiiears to be due to decomposition of 
the phenyl telluromercaptau, as this readily undergoes oxidation 
to diphenyl ditelluride, which decomposes into tellurium and phenyl 

telluride. , 

The action of sulphur, selenium, or tellunum on magnesium 
pvrryl iodide yields black, in(u!iiblc compounds which, from their 
properties, *r6 pyrrole-hlack.s containing, resjiectively, 
feleiiium, and tell'uriiun (compare Aiigeli and Pieroui, A., 1919, 

1 134), These results indicate the complete chemical analogy 
existiiiv between Ullurmm and the other elements of Group VI 
of theVriodio syslera. The posible existence of isotopes in the 
case of tellurium is discussed. 

Phenyl telluromercaptan, PhTcU. is unstable, but with mercuric 
iloride forms the compound, TePh-HgCl (compare Lederer, A., 
115, i, 1056), m. p. 8,V -9G“ (decomp.) it yields also a grey onn- 
hloritie, m. p. 154—156“ and a yellow, amorphous plalmcMoride, 

1. p, 75 — 80^. . . . ^ 

The products obtained bv the action of tellunuui on magnesm 
ihenyl bromide were fractionated at a pre^ure ol 8o mm. Wtten 
reated with oonceutrated sulphuric and nitric acids, tie rac 
laving b. p, 155-300“ yields a pale yellow, amorphous substance 
;!{NO.,-CjH,)jTeO], which contains 6'44% N and does not melt at 
150“. ■ ' . j -.1, 

The residue failing to distil at 200“ giv*, when 
roiicentrated nitric add, (1) phenyltcllunc acid nitrate, 
CeHsO,NTe, m, p. 210—212“ (laKlerer, foe. ctf., gave m. p. 

d d 2 
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232 — 233°); the latter is decomposed by sodium hydroxide, giving 
the compound, 0 (TePh. 2 *N 03 ) 2 , m. p. 223 — 224° (compare L^erer, 
loc. cit.). (2) A compound which, separates in minute, shining, 
white crystals, m. p. 66 — 68 °, and at a higher temperature becomes 
solid, and then has m. p. 201 — 203° (decomp.); this compound 
loses 2'89% at 80 — 90°, the formula 0 !T 6 ph*N 03 , 2 Et 0 H, corre- 
sponding with 2‘46'f^, of alcohol, and Te., 07 N.,Ph 4 , 6 Et 0 H. with 
2-82%. 

The same fraction (above 200°) reacts energetically with bromhn 
in ethereal solution, giving the compound, Te^BriPho, which formi 
shining, yellow crystals, m. p. 200 °, becoming opaque in the air 
and loses part of its bromine when treated with alkali carbonate 
or hydroxide. 

Analysis of the black compound resulting from the action oi 
sulphur on mague^uuu pynyl io..iide gave: N 13'06 — 13-37, 
S 2r6T, and ash 0‘20o'?o. T. H, P, 


Physiological Chemistry. 


Relative Value of Fat and Carbohydrate as Sources of 
Muscular Energy. With Appendices on the Correlation 
between Standard Metabolism and the Respiratory Quotient 
during Rest and Work. Kr. 0 (;ii aiul Johannks Lisduabd 

[with GiiuAN I.iiJKATUANii Ksni Cai) .Asoeuskn] {lliochtm. 

19-0, 14, 900— Siil). An (.lalxjrato aiul valualde study of this 
important qiicslion. mothul of d. tcniiiuing the respiratory 
exchange oi hiiinan sahjc-la is lU-erilied which admits of a hiyli 
decree of accuraev. All the rcsuit.s a,i;ri'o in showing that work 
is more ecoiioEnicall / performed on r-ariadiydrate tiiau on fat. A 
hvi'othcsis rc-’ardiiig the* piiysiological otilisaiion of fat and carlo- 
hydrate dnniiu wtjrk is arivairctai. J. G. D. 

Habituation to Bromine Vapour and Action of the Latter 
on the Blood. S. Mai;ini) (.ir.-h. f,irn:. sprr. sri. nrf., lli'-’H, 29, 
48 dll, -Ite.j'iration o! i'romint* eajioor causes diminution of the 
nnmlwr of red nsrpti cle arnl of tire eenlenl trl lia-inoglol)iii in the 
blood. The ester. t of thi- iliiuinnt ion inerea.sea with tire quantitt 
of the vapoiir a iniinisiercd. ’oe,: rot witn repedilion of the treat 
incut, Ilaliitnalioii of the animal nrgaiiisin to bromine vapour u 
attainable be uradnal itierea e of the dose, but even rmdimie 
small do es ']iro.iuee h:i.-ii.nly.sis. The vapour coiiditloiis inartw 
inerca.-e in the leiiirsevte . sonieiimea to about four times t^r’t 
uorma! numVer. 

InjurioaB Action ol Carbon Dioxide on 
Corpuscles. " . I'ArzsriiKK {/aUch. physiol ^ 

1 — 1 lp--E.<ia'riineiils in vitro show that carbon dioxide nine 
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by fifty or one hundred times the action of inorganic blood poisons 
which form methasraoglobin, the inddenco of the reaction being 
accelerated markedly by rise of temperature. In presence of 
aniline or nitrobentene, the formation of methamoglobin in human 
blood occurs only after introduction of carbon dioxide. It is 
therefore probable that the development of Iho action of certain 
poisons in the veins is brought about by the carbon dioxide present. 
Intensification of the formation of methmmoglobin by carbon dioxide 
is 'produped, not only in suspensions, but also in solutions of blood 
corpuscles and in hsemoglobin solutions, so that it may be assumed 
that the carbon dioxide induces changes in the hsmoglobin favour- 
able to the formation of methamioglobin. Blood corpuscles charged 
with carbon dioxide are labile cells readily accessible to injury, 
whereas oxygen protects the cor|)Uscles. T. H. P. 

Antigens] aad Serological Specificity. XIV, Specific 
Serum Reactions with Simple Compounds of Known Con- 
stitution (Organic Acids). Kari, T.asostsisib {Biitchm. Zeitsch., 
1920, 104 , 280—299. ('oinpare this vol., i, 260),— The experi- 
ments now descril)e<l show that with diazoti.=ed aniHiie-m-sulphonio 
acid, p-arsanilio acid, o-toluidino-a-sntphonic acid coupled with 
tyrosine, m-hydroxybrniroic acid, and salicylic acid the precipitin 
reactions of the corresponding azo-protein.s are completely or almost 
completely destroyed; the action is a specific one, the specificity 
resembling that of the precipitin reactions of the azo-proteins them- 
selves, Not only arc the iireci|,i(ationa prevented by these azo- 
eorapounds, but with the help of the latter the precipitates, when 
formed, may. after (xnitiifugaiion atnl wa.sbing, be dissolved. These 
inhibiting substances contain a grcnip identical with the specific 
group of the corresj'onding azo-protciu with which the immune 
‘erinn employed react.a. Tits' a.-sumptimi may therefore be made 
(hat the inhibiting lictly combines with the anti-substance of the 
innmine serum, and so prevents this from acting on and precipita- 
ting the azo-protein pre-ent, in the .'olntion. Sneh .sjteciSc serum 
reactions with synthetic eonipoiinds of known constitution represent 
a new discoverv. 

Experiments have been matte wiili -iinpler coinponiKU in the 
same way as with the azn colonving matters. As regards the azo- 
components correspnniling with ine imimiue sera, sodium ttvamino- 
benzeneaiilphonatc and /r.aniinopl!cnvlarsinate in neutral solution 
exhibit selwdive inhiiiiting action. In ecpiiTiiolecnlar proportions, 
the azo-colouring matters act considerablv more strongly than the 
simple amino-acids, although these act at moderately low concen- 
trations. The connexion between inhibiting effect aud chemical 
constitution has further been inve,stigated with a large number of 
other conipounds, sfich .a.s amiuo-acids aud carboxylic, sulphonic, 
ami arsinio acids free from .ainino-gronps. 

Of the various nionob.a.sic. jiolYb.a,sie, saturated, iinsatnrated, and 

'bstituted aliphatic carboxvlic acids, most produce no, and none 

(arlted, inhibition of the precipitin re.action with the immune sera. 

lith the aromatio and cyclic carboxylic acids, the .action depends 
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on the ooiistitution. The results obtained with benzene derivatives 
depend less on the character of the substituents than on their posi- 
tion, although the carboxyl group has a somewhat greater influence 
than other substituent groups. The results obtained are given in 
detail and discussed. T. H. P. 

Formation of Protein from Carbamide by Ruminants. 

E. Salkowskt (Zeitsch. physiol. Chem., 1920, 109, 276 — 279).— 
As regards the source of the sulphur of the protein formed, in shwp 
fed with straw previously treats with sodium hydroxide (this vol. 
i, 699), it appears that the sheep were supplied with various 
inorganic salts, iiicludiug potassium sulphate and sulphide. Estim- 
ation of the sulphur in the ash of straw treated with sodium hydr- 
oxide according to Reckinanu's metho<l shows that it is only just 
sufficient, if completely utilisable. to furnish the sulphur of the 
flesh formed by the sheep during the ex]>eriment; if the organically, 
bound sulphur of the straw is included, more than sufficient sulphur 
is supplied. The source of the tryjrtophau still remains an open 
question. T. II. P, 

Taurine from Herring Flesh and its Crystallographic 
Investigation. E, Bkdxer {Zeitsoh. ithi/siol. Chm., 1920, 110, 
172 — 174). — The author has separaleil about 0 003% of taurine 
from the flesh of the herring (i'hipfi honiupis)^ and has obtained 
it in exceptionally well-developed crystals belonging to the prismatic 
cla-ss of the moucclinicsvstem : n : ; e O-CSl 7 ; 1 ;0'9073, 3 = 93°i(' 

T. n. p. 


Formation of Oxalic Acid in the Animal Body. Luowic 
PiNCL'SSOHN [flinrhem. 'Zeittrh .. 1919. 99, 276 — 297). — Nucleic 
acid, xanthine, guanine, uric .acid, and allaiitoin when introduced 
into the system of dogs and rahhits. either ])er os or hv intravenous 
injection, prothiee .an ir.erea-H' in the eontent of oxalic acid and i 
decrease in the allantoin eontent of the urine. The uric acid 
remains constant. ftiinilar olsservations were made in a more 
pronounced wav when the subst.ances were previously “ sensitised 
and exposed to li.ght. S. .S. !!. 


Amino-acid Synthesis in the Animal Organism. Cai 
Norleucine Replace Lysine for the Nutritive Requirements 
of the White Rat 7 Howaru H. Lewis and Licib E. Koot 
(J. Biol. Chfm., 1929. 43. 79 S7). Eighteen per cent, of jlisdin 
as the sole source of protein in the diet of a young rat will 
permit grow'th until the inade<jua<'ar* of lysine is made good- 
Neither (/f-iiorleueiiic nor //-iinrleuniie is able to supply iM 
deficiency of a gliadin diet as does a supplement of p 


Relation of Urochrome to the Protein of the Diet. E. E 

Peekax (./. IM. rhnn., 1920. 43, 237 242).- The excretw 
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urocliroine appears to be dependent on the amount of protein in 
the diet. 

A substance, protocbrome, which gives similar reactions to 
urochrome, can be produced from certain proteins. All evidence 
points to the fact that urochrome, lactochrome, and protochrome 
are identical, and, at least to a large extent, are derived from the 
food proteins. J. C. D. 

Presence of Iodine in Large Quantities of Sheep Pituitary 

Glands.' Emih C, SEAMiN (J. Biol. Chen., 1920, 43, 1—2).— No 
iodine was detected in quantities of sheep pituitary gland as large 
as 100 grams (compare Denis, A., 1911, ii, 746). J. C. D. 

Decomposition Products of Atractylin in the Animal 
Organism. A. Pitijh (Arch. Farm. spar. Set. aff., 1920, 29, 

gg_96). — In ail alkaline medium, atractylin, which has the 
probable formula CajHjoOjsS.K,. decomposes, yielding sulphuric 
and valeric acids, a carbohydrate, and a complex product (A), 
which is obtained as a white powder, and gives the following 
reactions: in concentrated sulphuric acid containing traces of form- 
aldehyde it dissolves to a red solution, which is turned deep blue 
by addition of a small quantity of water; with concentrated 
sulphuric acid and a few drops of aqueous vanillin solution, it 
rields an intense carminered coloration. By means of these 
reactions, the gastro-inte.stinal contents and various organs of a 
ilov Doisoned with atractvlin were shown to contain this product A. 
° ' T. H. P. 


Relation of Hyaloidin to the Formation of Chondroitia- 
sulphuric Acid, CoUagen, and Amyloid in the Organism. 

0. ScHUlEDEBEiiG (.Irrli. trill. I'ltih. I’hiirm., 1920, 87, 47 — 74), 
—A theoretical paper containing a critical discussion of the above 
subject, 

The Existence in the Bile of an Inhibitor for Hepatic 
Esterase, and its Nature. Georok Macfe.at Wishart (Biochem. 
J., 1920, 14, 406- 417). .An inhibitory siitistauce for the esterase 
of liver was found to be pre.-^ent iu the bile of all the animals 
examined. It is prohahlv the cholic acid portion of the Idle acid 
molecules which is responsible, for the effect. J. G. D. 


Bioluminescenca. I. The Luciferin and Luciferase of 
Cypridina hilgendorfli. II. The Production “J 

Cypridina hilgendorfli is not an Oxidation. S. Kaxda (Amer. 

./. PhyM., 1920, 50, 244 - 260, 561— 573). -I. Two substanc^, 
corresponding with luciferin .and luciferase found by Du ois m 
Pholar dticii/liin are concerned in tbe production of ig J 
Cypridina hilqtndorfii. The first is thermostable; the second is 
destroyed by heat. Both are produced only in the ina.xil!ary gland 
cells of the animal. The author is of opinion that Harvey s thwry 
and nomenclature (A., 1917, i. 3fin) are not tenable, n. me 
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intensity of light produced by Gypriilina in recently boiled water 
saturate with various gases was strongest in hydrogen and weakest 
in oxygen. Saturation with carbon monoxide, carbon dioxide, or 
nitrogen gave lights of intermediate intensities. It is concluded 
that the light cannot be produced by oxidation. 

Chemical Abstkacts. 


Formation of Kynurenic Acid from Tryptophan in the 
Animal Body. A. Ellinger and Z. Matsuoka {Zeitsch, phyiiol 
Ghem-., 1920, 109. 259 — 271. Compare A., 1914, j, S’Go). — T he 
authors have synthesised indolepynivic acid, and find that, when 
this acid is .administered snbcntaneonsly as sodium salt to a dor , 
it is possible to isol.ate from the urine kvmirenic acid in amount 
rather less than one-half of that obtained when tryptophan is 
injecteii. The conclusion is drawn that the conversion of trypto- 
phan into kynurenic acid is lie.st representeel by the scheme (com- 
pare Dakin, "Oxidations and Reductions in the Animal Body” 
1912, 73; Barger and Ewins, A., 1917, i, 476): 

C H < fi-CHi-CH(NH,).CO,H 


(I.) 


C-C'H.,-CO-CO.,H 

II * • - 


C05H*NII*C,Hi‘CO*CU2*CO‘CO.,H 


C0*CTL 


NK,<VI,-CO-CH/CO-COjr ^ 


C(ou):cii 


Thf> con<lcii>atioii of incloh*-^ altUhyile and liippunc acid in 
of acvtic anhydritlo and sodi!i)'i’. 

I'.r'T-TT v •'n’^datc yiidd<, not tlio azlactone (compare 

I A Kiliiiffcr ami Flaniand. A., 190S, i, 37:1, 

but jls I'd'ffyi (brivative* {annexe 
NAc \/ I’orimila). which rrviilallisos in pale yellOtV 
rhomine or oijlirjuo rhnmbio plate?, in, p. 
■jn.j --Ob \ and, when treated with sotihini 


hydroxitle >olntion. yields 

lnd>rlf'p>irnriG ttiul (formula F. above), which forms yello'v 
or almost, ^-olourlesi! rrv^tuls. lt« 
azon'f, (\HfN'-('II,-r(('O.!l);N*NH-(V.Hj*N0.i. cry.dallbes in 
rosettes of yellow plat«'s. in. ]>. lod -15‘P. 

When fjuinolim- L’-carboxylie arid i.s administered as -odium 
subeutaneou.'ly to a dotj, it is separated in the urine partly un- 
changed and ]>artlv coii|>le<i witli ijlycine, but does not nnderjro 
oxidation to kynurenio acid. T. H. 


Behaviour of Aspirin in the Animal Organism. A 

(ArcA. Farm, .S’ci. aff.^ 1920, 29, U 3 — 11 S). -Inve^tiga lo 
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of the urine of dogs to which aspirin had been administered 
indicafcee the presence of unchanged aspirin, so that part of the 
aspirin is al^orbed in the animal organism before undergoing 
hydrolysis. T, H. P. 

Appearance of Acetaldehyde in the Body due to Cleavage 
of Ethyl Alcohol. WiLiJKLM 8 tki>p (Arch. expt. Path. Pharm., 
1920, 87, 148 153). — The presence of acetaldehyde was estab- 
lished in the blood and urine of a hinnau subject who had previously 
consumed ethyl alcohol. In the case of a dog which had received 
ethyl alcohol, acetaldehyde was found in the urine, but not in the 
blood. S. S. z. 

Chemistry of the Proteins, The Species Specificity of 
the Structure of Protein. K. Rerzfeld and R. Klikger 
l^Biochem. Zeifsrh.^ 1919, 99. 204 — 219). -~A theoretical paper in 
which the structure of protein jnolecules in relation, to immunity 
and heredity phenomena, and the mechanism of protein synthesis 
and degradation, are di?cusi-cd. g. g, Z. 

Nature ol Anaphylaxis. Emil Abderhaldes and Arthur 
IVeil (Zeiff^ch. phr/.Anf. i'hftn., 1920. 109. 289—297. Compare 
A,. 1912, ii. 119'i). — The authors have treated guinea-pigs by sub- 
cutaneous or intrapcritoncal injection with glycine and its poly- 
peptides up to heptaglycvlglycine, but no phenomena were obtain^ 
resembling anaphylactic shock, with the exception of slight varia- 
tions in the temperature. From the heptapeptide onwards, the 
injection causes a characteristic '^kin affection. 

Methods are descril)e<l for prcnurin? glycine ethyl ester hydro- 
chloride in large amonnt-^ from cldoroacetio, acid, and pentaglycyl- 
rivcine from tetraglvcvlglvciue and chloroacetvl chloride. 

T. H. P. 

Chemical and Morpholotrical Studies on Cholesterol and 
its Esters in Normal and Pathological Organs. Johan Pex 
{liiochnn. Zciffrh., 192f). 104. 82 171).— The authors investiga- 
tions show that Windanss digitonm method (A... 1910, ii. 462), as 
modified by Thavscii (A.. 1911, ii. 19S). i? the only method yet 
descTibed giving tnistworlhv rc-iilt s for the estimation of cholesterol 
in its pure solutions, rreliniin.nry drying in a current of air of 
the organs froUi which the chnhsterol and its esters are to be 
extracted is not to In' iTcominended. hut treatment of the organs 
with 2% sodium liydroxide solution and extraction of the alkaline 
solntioti with ether result iu quantitative extraction and in an 
extract of such puritv that the cholesterol and its e-?ters may be 
estimated exactly bv the alwo JiieOiod. 

The proportions of free- and roiiihinerl cholesterol in the liver 
show Very slight variations in all the c.'ises exaniiiieil, includiug 
two of cirrhosis of the liver. In the- kidneys, of both normal and 
diseased individuahs. f-hc free cholesterol varies but little in amcfunt, 
iind the same holds for the combjneil cholesterol, even in the cases 
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of diabetes, pernicious anaemia, cirrhosis of the liver, and sepsis 
examined ; with diseases of the kidneys, however, the normal small 
proportion of cholesterol present as ether is considerably exceeded. 
Inconsiderable variations occur in the proportion of free 
cholesterol in the suprarenal glands, but the combined cholesterol 
exhibits wide differences in different cases, the highest amounts 
being found in two instances of kidney disease and in one normal 
instance. In no case examined was cholesterol detectable morpho- 
logically in the liver, but with kidney disease of long standing the 
ester of cholesterol may be discovered morphologically in the 
kidneys in amount corresponding well with that found chemically. 

T. H. P. 


The Colloid Chemical Importance of Physiolo^cal Ionic 
Antag^onism and of Equilibrated Salt Solutions, 8. M. 

N’ecschlosz {Ffluf/er’s Arrhiv, 1920, 181, 17 — 39; from 
Chfm. Zenlr, 1920, iii, 312). — It has not been well established 
that the physiological action of ions depends solely on their 
relationship to the ]iroteine. and that these relationships are purely 
chemical in character. In many physiological phenomena, in the 
cell, lipoids plav a predominating role. Solutions of lecithin (2)S) 
have been treated with equal quantities of salt solutions and their 
surface tensions determined stalagmometrically. The chlerides of 
the cations Xa, K, t'a. Ms, and noticeably increase the surface 
tension of ledthin solutions. With mixtures of these salts, an 
antagonism between the cation.s is very obvious. The surface 
tension of a lecitliin .solution in the presence of a mixture of salts 
is dependent, in the first place, on the relative ratio of concentra- 
tion of the cations, and is not inflnenctsl within wide limits by the 
absolute concentration of the solution. A far-reaching parallelism 
exists between physiological and colloidal chemical ionic antagonism 
as shown in this manner. The physico-chemical basis of ionic 
antagonism is found in the cajvacitv shown by the cations of mutual 
replacement from their adsorption componnd.s (in this case from 
the surface of the lecithin particles), but tho displacing ion does 
not take the place of that di.splaced. H. W. 


Water-soluble Vitamines. I. Are the Autoeuritic and 
the Growth-promoting Water-soluble-B Vitamines the 
Same ? A. 1). Emmett and 0. 0. Liaos {J. Dial, dim., 1920, 43, 
26.5—286).— E.xpcrinients designed to a.scertain whether these two 
substanoee are identi<’al lead tho authors to suggest, teulatively, 
least, that they are not the same. The antineuritic factor appears 
to be more readily d.-composesl by heat. The l^k of stnc ' 
quantitative methods renders the conclusion indehnite. j p 


Toxic Action of Cyanogen Chloride. C, I. Kked {J, 

Exiit. Ther., 1920, 16, 301 .304).--Thi3 artion is pnroaniy 
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to the formation of hydrocyanic acid, but in delayed poisoning the 
chlorine may also have an effect. Protection may be given by 
sodium thioftulphate. J, C. D. 


Chemistry of Vegetable Physiology and Agriculture. 


Control of the Purity of Preparations of Carbohydrate by 
Bacterial Fermentation Tests. H. 0. SoHMiT-Jassrs [Compt. 
'rtnd. Sac. Biol., 1920, 83, 699 — 701; from Chem. Zenlr., 1920, 
iv, 217)- — Different types of bacteria can be investigated by their 
action towards different carbohydrates {Compt. rend-. Soc. Biol., 
1920 83, 502) ; conversely, the purity of carbohydrates and poly- 
hiydrio alcohols can be tested by fermentative action if the necessary 
classes of bacteria are available. H. W. 


Proteins of Putrefactive Bacteria. E. Salkowski {Zeitsch. 
physiol. Chem., 1920, 109, 49— 56).— Putrefactive bacteria are 
found to contain two protein compounds, one having the characters 
of the alburaoses and the other those of a globulin-like protein. 
Neither contains the tryptophan group, whilst the atomic complex 
siviiig the xanthoproteiii reaction is almost entirely lacking with 
albumose and present in ottreraely small proportion in the 
protein. When heated in a narrow test-tube, both emit vapour 
capable of blackening lc.ad acetate paper (Siegfried’s reaction), 
whereas this behaviour is not shown by the proteins and is doubtful 
with the albumoses. . 

Since Siegfried’s reaction was unknown to Xcncki, it is possible 
that the latter's anthra-xproteiu (A., 1885, 178) is not quite 
free from sulphur. Further work is necessary to ascertain 
if unicellular organisms are able to produce proteins not lack- 
ing in cyclic and heterocyclic groups, but possibly this power 
is restricteii to the true plants, among which bacteria and yeasts 
cannot be placed, Betwe-n iibints and animals lies a third group 
of ort^anisms, which are able to utili.se inorganic nitrogen to build 
up their hody-substance, but are unable, apparently owing to 
absence of chlorophyll, to convert inorganic info organic rarbon 

Voelti {BerJin Klin. llV/-„ 1919. No. 29) fed sheep for 
seventeen to twenty-five days polelv on straw (treated with 
hydroxide and free from digestible nitrogen), sugar, starch, and 
carbamide, growth and accumulation of protein taking place. The 
sources of the sulphur and the tryptophan group of the protein 
formed are obscure. 


The Enzyme* of B. CoU communis which are C^cei^d 
in the Decomposition of Dextrose and Mannitw. ly . ine 
Fermentation of Dextrose in the Presence of Formic Aci . 

Egf.rtox Chahles Grey (/’roe, Koy. Boc.. 19-0, [B], 91, - )■ 

- The products obtained in the decomposition of dratrose by 
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BactUus coli communk are divided into three groups: (1) lactic 
add; (2) acetic acid, alcohol, and sucdiiio add; (3) formic acid 
carbon dioxide, and hydrogen, there Ijeing a closer relationship 
between the products of groups (2) and (3) than exists between 
either group and group (1). The proportions in which the pro. 
ducts of group (2) appear depend on the intimacy with which the 
reactions of this group cooperate with the reactions of group (3) 
and this further explains the fact that in many normal ferment- 
ations there is a tendency for gr'onps (2) and (3) to appear a.s 
constituting one group. 

It is now demonstrated that hydrogen, nascent during the 
fermentation, does take part in the production of alcohol, the. 
hydrogen arising either from the decomposition of the dextrose 
itaelf or from the siinnllaneoiis fermentation of added caldinn 
formate, It is also shown that the ]>rescnce of calcium formate 
does not depress the formation of fonnic acid, and the consequent 
yield of its ga.seon.s products, carbon dioxide .and hydrogen, in the 
fermentation of dextrose by B. mil rurnmiiitU. \V, g. 

Action of Bacillus fluorescens liquefaciens (Fliigge) on 
Asparagine in a Definite Chemical Medium. II. Products 
from, and Mode of Attack on, Asparagine. A. lir.ANcuEntRB 
(.'Inn, Inst. Pns'nir, 34. 302 111). -The chief prtxhicf? 

formed arc acetic, malic, sm-cinic. fum.aric, and carbonic acid?. 
The mechanism of their formation is discussed. ,1. C. D. 

Influence of the Nature of the Carbonaceous Food on the 
Utilisation of Nitrogen by Bacillus subtilis. E. AiBEt. 
{Compt. rmi!., 102", 171. I""' 13":. -Clyccro! gives a belter 
yield of culture and a h..|t,.r util; itimi of nilro'gcu than Ircvnloec, 
and this in turn than dr xtr.>s<‘. when addc.l to the culture ?o!ntiiiii 
of BanHin sniililis. Tile high, yiehl of crg.anism amt inrrea,?o(i 
utilisation of nitrogen with .glycerol arc proliably due to it.s pro 
liininarv coifrersion into j.vnivic .a. i t, an-1 it is tinU’d tliat soiiiian 
pvmvate give.s even Utter re-iilt; than glyifi'o!, W. G. 

Experiments on Osmosis and on Aspiration due to 
Evaporation, Suitable for Use in Plant Physiology. Fierue 
Lksaok (fo.v.;.', 102", 171, tU' j,. Simple Tiicdi'iCii- 

tioTH 01 th»‘ <.»j aivl art* 'Ir'oriix'il. 

W. G. 


Flaorescence and Condition of Chlorophyll in Living Cells. 

Kvkt Stf,i!N (/i’r. Ih'fif. hut. 38. L!? 

author'^ that cFilorophyl! 

fluorosccf oiilv in tnn* 'olntion. roUoi'lal chlorophyll .soliitiniis an 
solid chlorophyll fvhihihiiir no api.rcrialih' flnnrpsccnce. Onspi’vj 
tion of the duoroHCpnoc of tnrhid rnc<iia with the naked eye lea s 
to ^■rToneou?* conrlusioiH, s|ip<-tro-scopic cxariinatioii hein^ nei.e5.'ai| 
to ascertain tho real stroneth of the fl'.ii)rc«c*‘iice. In the m ac 
oftll, the chlorophyll is conUinwl in Hpoirial, true, and liuore^ci g 
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solution. The process of assimilation proceeds partly in the 
lipoidal and partly in the hydroid phase, and surface-active sub- 
sUnces alter the limiting surface ^tween the two phases and 
thereby retard or assist assimilation. T. H, P. 

Behaviour of certain Organic Compounds in PJants. XII. 

G, CiAMicuN and Ravenna {fJazutta^ 191i0, 50, ii, 13—46).— 
Vn account of work already published (A., 1919, i, 38, 140, 241; 
his.voL, i, 403). T. H. P. 

Enzyme Formation with Aspergillus niger. H. von 

Euler and S. Asarnoj {Ftruieatfomh., 1920, 3, 318—329; from 
'jhtvi. 1920, iii, 201 — 202). — The investigation proceeded 

along lines similar to those adopted by Euler and Svanberg 
(A., 1919, i, 201, 614) in the case of saccharase in 
bottom yeast. As far as sa'rcharase is concerned, it is found 
that the total enz}'ide action remains almost unchanged if the 
well-ground fungus material is brought into contact with sucrose 
solution cither after being warmed to a temperature at which the 
saccharaae is nob damaged or after l^eiug dried with or without 
toluene. Wohlgemuth's method can only be applied with difficrulty 
to the eftimation of ainylase by the direct action of the fungus 
material on starch solution; the sugar which is formed is list 
fdimated by Rcrtraiid's rcdik-iion method. For the type investi- 
ffated and under certain coniitious, the inverting capacity, 
ll=i{xg sugar/y dry sub.-lance, i> found to be 0'32xl0~2. A 
fungus which had Ix'en grown on starch solution with the addition 
of jKiptone had a sacohurase activity about 30% higher than 
that 01 a specimen grown under similar conditions but in the 
absence of peptone. AdJitioji of pejitone to the nutrient solution, 
which otherwise coutain.s only inorganic nitrogen, also influences 
the formation of amylase. Tiie data of other workers with regard 
to the improvement in the lorniatioii of amylase, due to addition 
of starch to tho mitrienl solution, could be quantitatively 
t’onfjrmed. 

Water-soluble Vitamines, II. The Relation of the 
^ntineuritic and Wattrr-soluble Vitanaines to the Yeast 
Srowth-promoting Stimulus. A. D, Emmett and Mabel 
Stockuolm (./. ( hiin., 1920. 43, 287 — 1;94). Further 

evidence is given in support of ihe thcorv that the antineuritic 
and the growth-promo'iiii^ vit.innnes are not identical. It is also 
possible that the iuilislanoe which jiromotes eell-division in yeast 
is another factor of the. vitamine tyi>e. It is therefore consider^ 
inadvisable to eniplov the qiiaiuiutive method introduced by 
Williams (A., 1919. i.’463t until the difTerentiatiou of these factors 
ha? been satisfaetorilv aciw.iijdislied. J. C. D- 

Comparative Studies on Respiration. XI Efiect of 
Hydrogen-ion Concentration on the Respiration of 
Penicillium chrysogenum. F. 0. Oust.afson (/. npiol 
1920, 2, 617— 626).— Variations in the l\^ value between 4 and 8 
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produce practically no effect on the normal rate of respiration of 
Femdllium chrfjsoijenuin (the rate at neutrality is considereti 
normal). Inore^iiig the F„ value to 8-80 causes respiration to 
fall to 60% of the normal, after which it remains stationary for 
the duration of the experiment. Decreasing the value to 2-65 
causes a gradual rise and a gradual return to the normal; at 
110 to r95 the preliminary rise amounts to 20%, .and is 
followed by a fall to below the normal. The decreases in respira- 
tion brought about by solutions of a Pj, value of 1*95 or less* are 
irreversible, whilst a similar decrease which occurs at 8*80 is 
reversible, the rate coming back to practically normal after the 
material is replaced in a neutral solution. 

Determinations by means of Winkler's method showed an increase 
in the consumption of o.xygen in acid solutions and a decrease in 
alkaline solutions. H. W. 

Crystallisable Sugar and Free Acids in Plants. H. Cons 
{Compl. rend., lO'lO. 171. 316- 318). The fact that sucrose exists 
in a large mimlwr of fruits in the presence of free acid at a con- 
centration more than sufficient to cause its inversion is shown to 
be duo to the presence of alkali salts of the organic acids in the 
juices which lessen the hydrolysing action of the tree acids. 

W. G. 

Relation between the Calcium and the Nitrogen Contest 
of Plants and the Function of Calcium. F. W. Parkir and 

E. Tru’OG (Suil Set., 19'-'0, 10, 49- -56). -From the consideration 
of a largo luunlwr of analyses of various jdants with respect to 
their nitrogen, phosphorus, |K)tassium, calcium and magnesium con- 
tent, it was ol)serve<i that the only element the amount of which 
was closely related to the nitrogen content was calcium, These 
plants could be grouped in two classes, according to their calciimi- 
nitrogen ratio. In one group the ratio wa.s low, averaging 0'30S, 
and this group cousistcil of plants of the gras-s family, which hav« 
a low lime re<iuire.mcnt. In the other group the ratio was high, 
0*553, and the group contained the legumes and other plants 
which have a higli lime requirement and arc sensitive to sdl 
acidity. These result.s ])oint to the conclusion that plants which 
have a high nitrogen or protein wntent, and therefore jiroduce a 
large amount of acidity from protein inetalioliam, require a larga 
amount of calcium as carbonate for the neutralisation of the plant 
acids. ^* 

Inulin in the Globe Artichoke. Hutei Okev ami Am 
W. Williams (./. Amer. Fhcm. .S’ik-., 19'20, 42, 1693 — 16%)-— w 

a sample of glolie artichoke which, by the onliiiary methods o 
analysis of fixidstuffs, gave G*8*% of nitrogen-free e-vtractiyes, tto 
authors found 2 .5% of iinilin and altogether 4* ‘2% of tot^l cw 
hydrate extracted by water and 1% hydrochloric acid. ' ■ 

Enzyme AcUon in EchinodonUum tinctorinm, Elte 

Everhart. Henry Schmit/. (J. ijm. Fhiidiil.. 19'20,2, 613- , 

— The present paper is the second of a series dealing wi 
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physiology of wood-destroying fungi (compare Schmitz and Zeller, 
Ann. Missouri Bot. Garden, 1919, 6, 193). In Echinodontium 
tinetorium, the presence of the following enzymes has l>eeji demon- 
strated : esterase, maltase, lactase, sucrase, rafiinase, diastase, 
inulaae, cellulase, hemicellulase, urease, rennet, and catalase. 

’ H. W. 

parbohydratea of Lichen islandicus. E. Salkowski {Zeitsek 
physiol. Chem., 1920, HO, 158—166. Compare A., 1919, i, 242). 

The author confirms the statement of Errera (Diss., 1882) and 

others to the effect that Lichen islandicus contains two carbo- 
hydratee: (1) lichenin, which gelatiiiises when the hot solution is 
cooled and gives no reaction with iodine, and (2) a soluble carbo- 
hydrate which, contrary to the statment of Ulauder and Tollens 
(A., 1906, ii, 193), gives a decided blue coloration when carefully 
treated with iodine solution; this coloration is, however, distinctly 
less intense than that obtaine<l with starch, and it is possible that 
this carbohydrate, known as Molichenin, is not a single individual, 
and that the iodine reaction depends on the presence of a third 
carbohydrate in small proportion. 

The physical constitution of lichenin in the moist state suggests 
that this compound either belongs to the pectins or contains these. 
Dry lichenin does not, however, respond to the method for detect- 
ing pectin given by von Fellenberg (A., 191C, ii, 351), according 
to whom the pectins yield methyl alcohol when treated with sodium 
hydroxide solution. T. H. P. 

Kinetics of the Action of Catalase Extract from Marine 
Alg®, with a Note on Oxydase. Harold Clark Hampton and 
Loukens G. M. Baas-Becking (./. Gen. Vkysiol., 1920, 2, 
635— -649).— preliminary investigations of the catalase, peroxydase, 
and oxydase of marine algae are described, the present communica- 
tion dealing only with Llva tocnnita, Setchell and Gardner. This 
oontains a catalase, which adheres to the cells to a certain extent, 
W may, mechanically or by ©xosmosis, pass into the surrounding 
medium. This catalase is able to act on peroxide in a neutral 
medium, the reaction being vmimolecular. In an alkaline medium, 
the catalase decomposes ]>eroxide, following the formula of Schroidt- 
Nielsen, A = ^/tf- The reaction time varies in 

a linear relation with the concentration of the peroxide. Reaction, 
velocity and enzyme conoentration vary in a linear relation. 
Reaction velocity and peroxide concentration v'ary in a continuous 
non-liuear and non-exponential relation. Since the peroxide is in 
excess of the feeble catalase, these facts are in agreement with the 
data of Senter on blood catalase. On dilution, the enzyme is 
destroyed, following highly exponential lines, drjdt-Kia x ) , or 

wen , , 

Vha taeniata contains oxydase; the presence of pero^ ^ i 
not proved. 
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Extractive Substances o! Melolontha vulgaris. Daskwabt 
Acileemann (Zeitsch. Biol., 1920, 71, 193— 202).— This organism 
is found to contain uric acid, leucine, putresdne, lysine, p-hydroxy- 
phenylethylamine, choline, and either cholesterol or an allied sterol. 
Melolonthiue (compare Schreiner, A., 1871, 24, 1201), creatine, 
creatinine, betaine, and tyrosine could not be detected. 

T. H. P. 


Action of Rain Water on the Deposits from Copper Spray 
Liquids. G. Villeoieu and (.\Ijie) Villeoiku (Compt. reitcl, 1920, 
171, 360— 363).— Ordinary country rain water does not dissolve 
even traces of copjjer from the precipitate obtained in either 
Bordeaux or Burgundy mixtures. W. G. 


Acidity of Japanese Acid Clay, Kiuhei Kobayasbi (J. Ciirm. 
Ind. Japuii, 1920, 23, 043 — ol9).— Japanese acid clay (Japanese 
fuller’s earth) is a closely related mixture oi colloiilal hydrous 
aluminium silicates, ALOj.2SiOj, <11.0, and an amorphous 
anhydrous compound of orthosilicic acid, 8iO,,rn.^O, and may be 
expressed by the formula ALOj,68iOj.rlGO, where r is more 
than 6. The day itself is net a true acid subsUnce, and the 
acidity is to be ascribed to its adsorptive proiierty. Adding aa 
acid clav to some lia-ic dyo solution, Rt’l, it may l)e supposed that 
the so-called llelnhorz double layer is formed on the surface of the 
olav, and that it adsorljs hvdio.cyl ions iii accordance with its 
properties as an acid gel, whilst hytlrogen ions are liberated, The 
radicle II combines witb ihe liydro.xyl ions and the hydrogen ions 
unite with clibriue ions of the basic dye; liytjroehloric acid mil 
tlierefore fie iilieialed. Reaction between ail acid clay and neutral 
potassium chioriile sulutioii similarly proiliices hjdiochloric add, 
which dissolves aliimimum in the clay. The aluminium chloride 
thus formed will be decom(iis,i 1 by hydrolysis into aluminiuni 
hydroxide and hydrochloric acid. R- R- 


The Occurrence and Nature of the Plant Grow^* 
promoting Substances in various Organic Manuri^ 
Composts. Fcorenck .ixsii; Mockubuhie {Uiuchem. J., 1920, H, 
432— ioOi — The ordiiiarv organic maiuires used in horticulture 
and agricultural operations, namely, leaf-mould ami frcsli and wem 
rotted stable maiuire, and well manured fertile .soil, voiitain m 
varyine ])roiiortioiis, water-soluble siilistaiicc-, which are ^ ^ " 
as plant growth promoling .-ubstaii.-e.s, a- is "V I" 

their aoiieoii.s extracts on the development, of jJaiits of /-i'" 
major. In all ra.’ 4 .'N, tJio €*xlraft of rotU’if iririuuie , 

effective than that of the fresh material. All these mato 
contain appreciable ipiantities of micleir acid and , 

in various stages of deeompositioii, and I lie greater the ac 
decomposition of the material eoimernetl, the 
resolution of the original nucleic acid into itsf free bases. 
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Extension ol the Balmer Series oi hydrogen and Spectro> 
scopic Phenomena oi Very Long Vacuum Tubes. K. W. 

Wood (/Voc. Jioy. Hoc., 1920, [,1], 97, 455—470). — The author 
describes a type of vacuum tube iu which it is possible to separate 
the secondary spectrum of hydrogen from the Balmer series. The 
tube is 2 m. long and has a 7 mm. bore, and is bent so that the 
'central 40 cm. constitutes an "end on” tube, the electrodes of 
which are 80 cm. away from the tube. The electrodes are of 
aluminium; one end of the tube is in permanent connexion with 
a Gaede pump and the other is connected by a fine capillary tube 
with a hydrogen generator, either an electrolytic apparatus or a 
bulb containing palladium and hydrogen. The tube is operated at 
25,000 volts and 0'2 ampere. When the pressure is such that there 
,s a Crookes dark space of 4—5 cm., the ends of the tube show a 
jluish-white light, whilst the central portion shows a fiery purple 
lolour, which exhibits the Balmer spectrum with a secondary spec- 
trum of l/40th the intensity of that in the side-tubes. It is 
possible by finer adjustment that the secondary .spectrum may 
vanish entirely. The failure to observe more than twelve members 
out of the thirty-two emitted by solar hydrogen in the Balmer 
series is attributed to the numerous lines in the secondary spectrum, 
which are relatively brighter than the Balmer lines. On photo- 
graphing the spectrum of the central ])ortion of the tube the author 
has been able to observe all the Balmer lines up to the 20th. In 
the region of the 6th to the 14th line each line is practically twice 
as bright as its succeeding neighbour. This means, if this rate of 
change is continued, that the '20th line has an intensity of about 
1/600,000 that of the H,-line. A number of other very interesting 
properties of the long tube are described. The following wave- 
lengths have been measured: 12th line. 3r‘22‘T2; 13th, 3712 22; 
14th, 3703-92; 15th, 3697-35; 16th, 3691 72; 17th, 3686 99; 18th, 
3682-96; 19th, 3679-46; 20th, 3676-44. all with reference to Row- 
’ind's iron standards. The influence of water vapour on the 
ppearance of the secondary spectrum is described. J. R. S. 

Origin of "Cyanogen” Bands. S. B-cbr-stt fProc. Roy. Soc., 
920, [.4], 98, 40 — 49),— Observations have been made of the 
pectra of the flames of a number of gases containing carbon, 
lydrogen, nitrogen, and oxygen. The cyanogen bands are strongly 
leveloped in the coal gas-nitrous oxide flame. Evidence is obtained 
rhich shows that they are entirely absent from the hydrogen- 
litrous oxide flame, if all traces of carbon are excluded, and it 
‘ppears that carbon is essential to their production. The appear- 
mce of the cyanogen bands is, under appropriate conditimis, a 
nore delicate test for carbon than that of any other of the bands 
VOL. oxvra. ii. 
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associated ivith Ais element. On the other hand, spectrum is 
S^t necessarily developed when both <^rbon “d «e 

nment The conclusion of Grotrian and Runge, that the cyanogen 
so^trum is to be attributed to nitrogen, is shown to rest on 
^“mptions which are not confirmed by the present work. The 
cyanogen spectrum providfes a very delicate tost for the presence 
of compounds of nitrogen admitted iii the form of a gas to. hydro- 
cai-boii flames burmiig in air, since elementai'y nitrogen does not 
accear in ordiuaiy circumstances, to be effective m poduoing 
cyanogen bauds in siieh flames. The intensity of the cyanogen 
bauds win 11 carbon coiiipoiinds are admitted to the hydrogen- 
nitrous o,vide name, bears no simple relation to the amount of. 
carbon thus added. ■ • ®- 

Character Of the Light Radiations Emitted by the VapoM 
of Magnesium, Copper, and Mang^ese under the SelecUve 
Actions of Thermociiemical and Thermoeleclncal Exmta- 
lions G A. Hkms.vlkcii {Phil. Miig., 19'i0, vi, 40, .96—315).— 
With'au eieclricallv healed plate of graphite, yvhich is not covered 
with a laver of carborundum, the red fringe (this vol., ii, 1, t, and 
170) app'eai-s on both sides. Tbe upper fringe oiten extends to a 
greater distance from tbe idatc than the lower one, probably or 
Lcount of conveetion of v.iponns ixpelled rom he under surlace 
The border of the upper fnngc is sharply det.n^l and its .spectrun 
emission stops abruptlv. in marked contrast to that of the hnmnoni 
vaoour In the absetme of -.iiiicient quanmiea of ionised vapours 
strono magneiic iieKls ll V)" -V-d f.G.S.t ninst be applied to dis 
place the ted fringe emi^scon appreciably, hence the conclusioi 
preWously advanced, that the sharp outline is caus^ by the mag 
uetic effect of the InaMiig cuircm, is niUeiiable. No satisfactorj 
nat^ explanatu.n offend, but it is pointed out that 
tZou. phenomena which owe their origin to the How of as 
Sectrie current at atnunpl.euc pressure present a sharp ou me 
Tim vapours which :;ll the ptea..cte.l »pa™ are lu great p^l 
, V ■ .a t ('ll thf I’lato. formation of stna 

denve<I from Mib>tan n 

at the bouudarv , , Tp.. ,,„„.„ward drift of 

vapours ro.tnd tin; plate tn , ,hte to vravitv o. 

luinir.ou.s vapour 111 tue prcte. ..d spatx may . . 

radiation pressure. i,m tlu-ir cu.u mie» ai ^ vapours ol 

m^ no::::; 'Si-,'tnd 

furnace, lids confirms their stains as temper ^ ^ p 

The Fine Structure of Near 

Bands of Hydrogen 15, 159-155)'®) 

Hasd.vll and E. S. Imes (rhy.ical Ren., 19-U. 
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focussing on. the slit of an iufrar^ed grating spectrometer the spec- 
trum produced by a prism spectrometer, using a salt prism of small 
refracting angle^ the spectral region to be analysed is too short for 
the overlapping of spectra. It is possible to employ the full resolv- 
ing power of a series of graded gratings with the result that in 
several inatancea the absorption curves* show apparently complete 
resolution. Ihe position of the narrow absorption bands can be 
determined with an accuracy of a few A. Xn the case of the hydro- 
gen chloride band at 3-46 p, each member of the broad doublet 
was resolved into twelve narrow bauds. From the data, obtained, 
the moment of inertia of the molecules of hydrogen chloride, 

, hydrogen bromide, and hydrogen iluoride is calculated as well as 
the distance between the atoms in the molecule. 

Chemical Abstkacts. 

The Object and Possibility of an Analysis of Absorption 
Spectra. I. Lifsouitz {Zeitsch. phymkal. Vhem,, 1920, 95, 1~U, 
126. Compare this vol , ii, 2i>6).—A theoretical paper, in which 
the object of absorption spectrum determination and the possibility 
of aiTanging absorption bands in some such scries as are found for 
emission spectra are discussed. The reason for the latter is to 
remove absorpiiou spectra from a purely empirical study and to find 
some connexiou between the absorption bands and their arrange- 
ment and the chroiuophoric groups of the various substances. The 
term chroraophore is redeiined as follows. Chromophores are 
single atoms or groups of atoms which carry electrons capable of 
oscillation with frequencies between 0'3 and 17 x lO^b J. F. S. 

Optical ESects Occasioned by Salt Formation with 
Organic Acids. I- Phenols and Ends. If, Let {Zeitsch, 
^hysikai. Chenx., 1920, 94, 405— 142).— The absorption spectra of a 
cumber of phenols, phenolic substances, alcohols, and their sodium 
derivatives have been measured in alcoholic solution by the Hartley 
method, uaiug an iron arc a-s the source of light. The following 
combinations in various concentrations have been measured and 
recorded: phenol, and so<linni plieuoxide in ethyl alcohol and in 
water; p-xyleiiol, m- !-xvlenol, thymol, p-chloropheuol, p-brom^ 
phenol, ethyl 2-iiaphthol-^arboxvtatc, o-j uf- and p-hydroKycimiaimo 
adds and their ethyl esters, mrlilotic acid and its ethyl eater, 
jMuethoxystilbene, p-hydroxystilbeue, 2-hydroxydiphenyl, benzoyl- 
leetic ester, jS'ethoxyciiinamic acid and its ethyl ester, and the 
iodium derivatives of all the compounds in ethyl-alcoholic solu- 
dou. Absorption curves have been drawn in all cases, and the 
changes in the absorption spectra brought about by the salt forma- 
tion pointed out and considered in the light of the present reamta 
and other previously published work. J. . . 

Table ior the IdentificaUon oI Dyes by means oJ the 
Spectroscope. James Mom (J. S. African Assoc. Jmi. CAem,, 
1931 ), 3, 9— 13).— The position of the centre of the absorption band 
N a large number of dyes is given, ranging from that of Aurantia 
F '135 to that of telramcthylthioniue at xGGS. ' 
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Colour and Chemical Constitution. IV. The Eemaining 
Phlhaleins. James Mom (Trans. Hoy. Soc. S. Africa, 1919, 7 
183 — 188. Compare A., 1917, ii, 349, 557). — Further wave-length 
measurements of absorption bands are communicated of a number 
of derivatives, several new, of pp^- aud of oy-plienolphthaleins, and 
of d'-liydroxydiphenylphthalide. Quantitative conclusions are 
derived as to the percentage increase in wave-length of the absorp- 
tion baud of ])heiiol)>hthalein due to the introduction of various 
substituent^ In .'igreenient with the view previously put forward 
as to the existence of secondary bands of the phthaleins with a 
wave-length two-tliirds that of the visible band, phenolphthalein 
and thyniolphthalein in alkaline solutions exhibit bands of which 
the edges arc at A. 380 and A I'JO respectively. The centre of the 
baud for p-cresoUhymolphthalcin in alkaline solution is at \ 595. 
wiulst the value calculated from those for phenol-jj-cresob and 
phenohhymol-phthaleins is A 597. 

By condensation of 5-broir.oguaiacol with Itydroxybeuzoylheuzoic 
acid, the bromine atom is eliminated aud phenolguaiacolphthaleiu 
is produced. In this compound, therefore, and presumably also io 
guaiacolpluha^ein. it. is the inctlioxy-group which occupies the para- 
position to the central carbon atom (compare liindmarsh, Knight 
aud Itobinsoii. T.. 1917, 111, Oil), and in dibromoguaiacol* 
phthalciu each brcniine atom is in the ortho ] iwitiou to the central 
carbon atom and al?o u\ one livdroxvl groti[> in each nncleu.‘i. 
Quiuonoid formuLe are suijgcsted for the salt-s of qninolphthaleiii, 

J. K. 


Colour and Chemical Constitution. V. The Yellowness 
of certain Phthaleins when Acid. VI. The Ultra-violet 
Spectra of the Phthaleins. Jamk.s Motn {Tf\ins. Hwj. 5V,v 
.l/riVvr, 1919. 8. II -M. Comparo preceding abstract), —Tii? 
absorption spectra of p)ienolsiilpl*on»'jd)thalein. of benzaurin-psii)- 
phonic acid, and f)f phenolphthalein monoinethvl ether (Green an^l 
King, A., IDi'T. i, 933) only diirer from that of beii.^anrin in that 
the absorption band i< moved slightly towards the red owing to the 
loading of t!ie molecule with the sulfdionic and carbomethoxy- 
groups re-p.N'tivelv. Further, since all thiw coni])ounds are yellov 
ill slighllv aci<l solution whilst phenolphthalein is coloiirles-s under 
these conditions, it is ••imcluded that phenolsnlphonephthaleiu is not 
a phthah-in but beii7;uiriu-f>-snlphonic acid. 

Consideration of v/ave-lengih ineji-sureTncnt.s by Howe aiul Gih-on 
Her., 1917. 707) of the ultraviolet absorption haiib 
from alkaline solutions of phenolphthalein and it.s derivatives leads 
to a mwlification of the earlier formula (A.. 1917. ii, 3 ^ 0 ) to 
y=T -7, indicating that in all phthaleins chaiivn of the groiipm? 

19 accoiapaiiitKl hv a diminution in frequeiirr 

of 7 unito. 
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Colour and Chemical Constitution. VII. Spectra ol 
Solid • Compoun ds of Cobalt, Nickel, Manganese, and 
Uranium. Jamks Mom (Trans. Ro^. Soc. S. Africa, 1919, 8, 
45 — 49. Compare preccflitig abstracts). — Evidence is adduced to 
show that the effect on the absorption spectrum of loading the 
molecule either internally by substitution or by combination with 
a nondouising solvent noted in the case of certain organic com- 
pounds may also be observed among cobalt, nickel, and uranyl 
salts and, among permanganates. It is noted that the wave-lengths 
of homologous line.s of cohalt compounds, of uranyl compounds, 
and of the phthaleins are respectively proportional to the eighth, 
sixth, and fourth roots of the molecular weights of the compounds 
compared. J. K. 

Colour and Chemical Constitution. DC. An Empirical 
Law of Change of Colour. James ifom (Trans. Boy. Soc., 
.V. Africa, 1920. 8, 22.5 — 228. Compare preceding abstracts).— An 
examination of tlie .ih.'orjdicn si)ectra of the haloid derivatives of 
phenolphthalein and (luorescein has shown that the effect of the 
substituents on the position of the bands is given by the relation 

i = (1'15 + 00f>37.Vb in which n=the fref^uency for the 

It, 1 OO 

halogen derivative. »„ for that of the parent substance (18’05 for 
phenolphthalein and 20'27 for fluoreseeinb in=thc number of sub- 
stituent halogen atoms, and .V = the atomic niimhcr of the halogen. 
The relationship also appears (o held ai'Pro.ximatelv for alkyl deriv- 
atives. The view previously advanced that molecular volume is the 
main factor in colour change is ahandoned in view of the fact that 
the introduction of methyl. i.io['roiiyl, chlorine, bromine, and iodine 
into the molecule prmluces ahont the same effect in each case. 

J, K, 

Colour and Chemical Constitution. VIII. Fluorescence 
and its Laws. Jame.” hfom (Trans. Boy. Soc. S. Africa, 1919, 8, 
51—53. Compare preceding abstract's.— The emission spectra of 
the green flnorescences exhibited bv uranyl compounds in the solid 
condition or in non-aquemis solution have been examined. The 
bands are ec^ually spaccil and probably always five in number, but 
usually some are too faint to be observed. It is found that for all 

of them in which .1, and F„ are corresponding wave- 

Aj ' F( ■ 

leiiiiths in tho aiiM)rpiion aiul fluorei^A’cnt spectra,^ and .d[ and Fi 
the respective wave-lengths of the lowest bands in each. The rela- 
ticii also appears to hold for fome organic compounds, which give 

much the same value, 1T5, for the ratio ' 't. J- K. 

t dt 

Scattering of Light by Dust-free Liquids. W. H. Mabtik 

(I Thjskal Chtm.., 1920. 24. .(73— 4921.— Dust-free liquids we« 
prepared (i) by evaporation and condensation in an enclosed 
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exhausted apparatus, (ii) by precipitating gelatines hydromdee of 
aluDainiuin, cadmium, aud zinc from dilute solutions of th© sui- 
phatcs, and (iii) by cataphoreaia of water. The dusbfree liquids 
were all found to scatter light, that of short wave-length being 
scattered to a much greater extent than that of long wave-length. 
A relationship, ((.-!)’-/«, formulated by Rayleigh and verified in 
the case of gases by Strutt, connecting the refractive index -of the 
medium and its light-scattering power, showed some apeenaent in 
the case of the liquitls investigated. The scatter^- light is very 
largely plane polaiised in the case of liquids which scatter very 
little iivht, and the polarisation in different liquids decreases as the 
relative intensity of Iho scattered light increases. The polarisation 
is much less complete for liquids than for gases. Evidence is given 
to show that the ph.enomena observed are due to scattering and not 
to fluorescence. The following intensities of the scattered light are 
given in terms of that of toluene -“1 : water. 0*060; sulphur dioxide, 
0*400; niethvl alcohol, 0*160; ethvl alcohol, 0*180; ethyl ether, 
0*236 '; ethyl acetate 0**J10 ; r-'ohutvl chloride, 0*375 ; heptane, 0*374; 
iscflnitvl butvrate, 0*3*20; l>en7.eue. 0*91; toluene. 1*00; chloro- 
benieiie, 1*52; ethvl I'cnzoate, 1*55; and a-chloronaphthalene, 4*30, 


Re-examination of the Light Scattered by Gases in respect 
of Polarisation. I. Experiments on the Common Gases. 

Lord R\*vTFion (/Vnr, /fcv. .‘'o**,, 10*20. f.!]. 97, 435 — 450. Com- 
pare A., 1919. ii. .5V -An improvecl method by which the residual 
defect of polarisation in the light scatlered by dust-free ga.ses may 
be measured is des'-ribed. This nnantity has been ascertained for 
the commoner gases. fho i<slt.*'wing values of the intensity of 
weak componeirt lud-uisation obtained: hydrogen, 3*33: nitrogen, 
4*06* air .5*0; oxvgen, 9*1; carbon dioxide, 11*7; nitrons oxide, 
15*-1 (strone component - 1001. The author is of the opinion that 
the error alt.ached to the e values is not greater than r)".',, and is 
probably much Ic.-^s, '^* ^* ^* 


Re-examination of the Light Scattered by Gases in respect 

of Polarisation. U. Experiments on Helium and Argon, 

Lord R.wi.f.igh (/V.,--. /fw. oV.. 1920. i-l]. 98, 57— 64. Compare 
preceding abstract 1,- The experiments previously deecnbed (W. 
cit.) are continued for helium and argon. Since the scattering due 
to helium is so -lig'u. speci.al prec.autions were taken to ensure e 
nuritv of this vsa. which comsistod in allowing the gas, to circu 
through a layer of cl.antial cookal bv liquid ^r 

entering the experimental tube. The '"•‘■"’'♦y * ^eTtstrong 

ponent'oolari.ation i.s found to be, argon '>*16. helium 
OTin}K)m*nt= lOO). The tol.al inteiisities of light 

and bv air have been compared. The ratio found .*, , 

sidering the dinicliy of the of tto 

within the limit of error with the ratio of th fl" ^ , 


refractivities, which is 0*0144. 


J. F. S. 
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Xnflamca o! Ammonium Molybdate on the Rotatory 
Power of Malic Acid, E. Uarmois (Gompt. nnd., 1920, 171, 
348 — 350).~The rotatory power of solutions of malic acid is 
increased by the addition of ammonium molybdate (compare 
Gemez, A., 1889, 1147), and the values of are found to increase 
at first with the weight of ammonium molybdate and then 
to become practically constant. If it is assumed that the 
acid and salt combine to form a componnd and the values of [ol^ 
ard calculated, and plotted against the weight of ammonium molyb- 
date added, the curve shows a steep rise to a maximum and then 
1 rapid fall. A solution having the composition corresponding with 
this maximum, when evaporated, gave a crystalline compound 
having {«] +219° for the yellow ray of mercury, and in addition a 
very sparingly soluble ammonium molybdate. W. G. 


The Specific Rotation of Lsevnlose. Wahrex C. Vosbcbgh 
(,7. Amer. Chem. Soc., 1920, 42, 1696— 1704).-- -From measurements 
of the rotation of lacvnlose solutions at 2 - 1 ° the concentration vary- 
ing from 2'6 to 20 grama per 100 c.c., the author deduces the 
formute fe]f,’=-(88o0^014.5p)° or = -(88-50 + 0’150c- 
0 00086c®)°, where p is the percentage by weight of the sugar in the 
solution and c the number of grams per 100 c.c. Over the tempera- 
ture range 16—37° the variation of fa),, with temperature is given 
bv W!i » [a]? + (0'566 J 0'0028c )( I - 25)°. The author considers that 
dst’s results (A., 1891, 1000) are best expressed by [a]? = 
.^(9V50 + 0'133p)°. ' , 

For most purpose.a the values of f are given by 
M809 [a],'„ although the coefficient seems to vary very slightly with 
temperature and concentration. 'W. 6, 

An Apparatus for using in Photochemical Reactions the 
Luminous Energy Emitted by an Incandescent Lamp, 

V. VoLMAU and C. Dituaisse (IIM. ,8oe.^ chim., 1920, M- 27, 
680—681). — A simple arrangement is described by means of which 
the necessary metallic filament lamp can he introduced into the 
reaction liquid cont,aiiied in a glass vessel surrounded by pohsfif 
metal jacket, the whole being immersed in a bath by wbch the 
temperature can ho controlled. ”• 


Experimental Decision of the Question of toe Radio- 
activity of all Elements. G. Uopfmaxx (Ann. Phptk 1920, 
[iv , 62, 738— 758).— A special very’ sensitive electroscope (apable 
of photographic registration upon a chronograph and sensitive o 
5000 ions per mm., ‘or a defledion of 30 mni. per single o-partic!e 

has been used to investigate the “natural ’ radioactivi y o 

materials, Ftom the range of the a-iiar(icle it can he decidrf 

whether the radioactivity is due to known or new 

The range can be obtained by statistical methods from e 

lion of the ionisation produced by each a-particle or a g 
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number. A discussion of the results obtained for the natural ionisa- 
tion of a hollow sphere of brass proves that it is not wholly due to 
radium and its derivatives or to thorium, but in large part to new 
o-ravs of very short range from a very long-lived radio-element. The 
matmal emitted 0108 a-particle per cm.® per hour, with a maxi- 
mum ionisation of 100,000, corresponding with a range of about 
rS cm at V T 7" The period of the element producing it 
( ? copper) must be at least 1'5 x 10« times that of uranium, and this 
agrees -wilK the range found. . 


Reactions in Penetrating Radinm Radiation and in 
Ultra-violet Radiation Filtered by Quartz Glass. Astos 
Kailan (Zeifsch. physiknl Chem., 1920, 96, 215— 246).— Mixtures 
of fumaric and maleic acids containing resp^ively 24, 40, 48, and 
64% of .naleic acid have been subjected, in 1 /SO.V-solutions for 
o to 3000 hours at 6—14° to the radiation of 80 -110 mg, of 
radium metal through 1 mm. of glass. On the assumption that the 
decrease in the titre of the solution (.5 — 7%) is due to the formation 
of acrvlio acid, it is found that in all cases hut one the maleic acid 
concentration ha.s incre.ased, Tliis follows from conductivity 
mcasuiements on the radiated solutions. When the above assump- 
tion is approximately true the position of the erpiilibrinra point is 
much the same when the solution has been radiated with either 
ultra-violet ravs or with radium rays, namely, 72% at 45—50°, 
Neither bv 1632 bmirs’ radiation with the rays from 80 mg, of 
radium metal, tior by 48 hours’ radiation from a quart,z mercury 
lamp, is the density, the refractive Index, or the velocity of change 
into ammonium cyanate. of a noniial solution of urea, changed to 
an extent outside the experimental error. Hetween 25° and 37° the 
reaction velocity is incre,s,se<l fourfold for a temperature increase of 
10°, which agrees with the mea.sHrpnients of Fawsitt at 90 -99° 
(A.! 1903, ii, lot, Similar treatment of aqueous solutions of formic 
acid chanpes neither the dissociation constant nor the amount of 
oxalic acid fnnnalion Poth tv|ies of radiation induce a decrease 
in the litre of the solutions, the rale of which decrea-scs as the 
concentration increa-es. Oiilv' ravs with a smaller wave-length than 
0'34 (1 are active A siniil.ar treatment of aqueous solutions of 
benroic add prednees reducing substances, formic acid and oxalic 
add; the velocitv of formation of these siilistances increases as the 
square of the concentration of the benxoie add. Tn this case al-o 
only rays smaller than 0 34(1 are active. The time in which f e 
same effects are brought about by radium rays and by ultra violet 
light is in the ca.se of formic acid 270 : 1 and benzoic add T ^ 


Colouring and Thermoluinineseence ol Glaas prod 
by Radium Emanation. 3. 0. I.iwd (.7. pfiy.sicni ' 
24, 437--4i3).— A theoretical paper in which the 
and other materials bv radium emanations is discussed, t is s 
that all three tyjies of ray have the same effect on the g M-, 
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that the colouring takes place when pure substances are exposed 
to the rays. The colour is discharged from both glass and quartz by 
heating at a temperature at which the former substance com- 
menoes to soften. Violet glass is slowly decolorised by exposure 
to sunlight, whilst brown glass is changed to a bright yellow 
by sunlight or ultra-violet light. When a piece of violet glass 
is heated at temperatures below 200° in the dark it luminesces 
for a period which is longer the lower the temperature, and after it 
has ceased to luminesce a further exposure to the radiation is neces- 
sary before further luminescence is possible. In this process, how- 
ever, the violet colour is not affect^ ; the colour only disappears 
, when the temperature is raised to about 500°, and there is no 
luminescence in the temperature interval 200—500°. The more 
recently the glass has been subjected to the radiation the lower is 
the temperature at which luminescence occurs; glass which has been 
recently exposed to radiation commences to luminesce well below 
the boiling point of water, whilst glass which has been kept for 
two to three years after exposure only luminesces at 200°. 

J. F. S. 

Solubility o! Radium Emanation in Organic Liquids; 

Alfred Schulze (Ztitxrh. 'phyiihtJ. Chcm., 1920, 95, 257—279).-— 
The solubility of radium emanation has been determined in toluene, 
ethyl ether, chloroform, acetone, carbon disulphide, ethyl acetate, 
ethyl alcohol, hexane, water, aniline, and benzene at various tem- 
peratures uith the object of testing Dolezalek’s theory of gas solu- 
bility (A., 1910, ii, 184). The results show that this theory repre- 
raents the experimental facts in a qualitative manner for the solu- 
bility of radi\im emanation, both in normal and as.sociated solvents. 
As to the quantitative aspect- of the case it is impossible to draw 
any conclusions because the amount of radium emanation dissolved 
is small, and meapurements are thereby rendered very inexact. 
Despite this, it is possible to obtain trustworthy data of the solu- 
bility from measurements of the vapour tension of the emanation 
if the correct molecular weight of the solvent is brought into the 
calculations. On the other hand, it is possible to deduce directly, 
from the course of the solubility curve, tnistworthy values of the 
molecular weight of the solvent and so gain an insight into the 
molecular condition of liquids. J- S. 

Geiger-Nuttall Equation. Gerhard Kirsch {Physikal, 

1920, 21, 452— 4561-— Application is made of the hypo- 
thesis that the atomic nucleus consists exclusively of helium and 
hydrogen nuclei with electrons, and of the Geiger-Nuttall relation 
in the form given by Lindemann (A., 1915, ii, 720), to deduce 
regularities in the disintegration series of radium and thorium. 
From these regularities, applied to the actinium series, conclusions 
are formed a.s to the atomic weights of these elements. An attempt 
is also made to show that there are three radioactive disintegration 
series. 

21 * 
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a-Ray Rules. Hans Th. Woifp (Physikal, Zeitsch., 1920, 21 
393 — 396). — The rale log/i!=*lt>g(X'-«) + y, where log® is the 
common logarithm of the range of the o-ray in cm. at N.T.P., x a 
positive, and y a negative constant, K a constant, and s the order 
of the change in the disintegration aeries in which the o-particle is 
expelled, counting tor the first s = 0, the second s = l, and so on 
represents the ranges of the a-rays of all four series approximately, 
the uranium series being considered two, from uranium-/ to 
radium, and from radium emanation to radium-C', polonium, aetjn- 
ium-.V, actinium-//, and thorium-/' being exceptions. The Values of 
X and y change for each of the four series, and the value of K fs 
one-fourth of the atomic weight for the thorium and first part of 
the uranium aeries, 58 and GO. and 54 and 55 for the second part of 
the uranium series and for actinium respectively. 

Discussing this relation theoretically, by the aid of the quantum 
relation it is deduced that the a-particle is travelling in an orbit 
of radius p in the nucleus, given by the relation /> = (£-«)-'’ const. 

F. S. ’ 

Electron Affinity of the Sulphur Atom. M. Born snri 
Elizabeth Eohm.vnn (/fii/Wi. I'hysik. 1920. i. 2.50 — 255). — X-Ray 
measurements of tlse crystal lattice of zinc snlpbide and application 
of the lattice theory lead to the value of 50 for the electron affinity 
of the sulphur atom. This value corresponds with an ionisation 
potential of 2TG volts, Ciiemicai, Abstracts. 

Conductivity and Frequency. F,. I). E.astuan (J. Anifr, Chm. 
SoC; 1920, 42. 164.8 — 16551. It is suggested that the comluctivily 
of solutions of electrolyiis -mailer .it aero frei|Ucney than at 
any frequency in a certain, range immVdialelv above zero. Measure- 
ments of .V-potassinm chlori'lo and sulphuric acid of maximum 
conductivity .ire describinl, ami it is shown that the diiferpntc 
between direct current condurtivitic-* and those at lOUO cycles does 
not exceesi ir icv O'l'G'"', but the difterence lies in the direction 
expected. The coiidiiciivitv of \ | ota.ssium chloride at 25- given by 
Kohlrausch is confirmed within n 1 ... J. F. S 


The Thermoelectric Power of Pure Metals. 11. Pii.seo't 
(.Inn, Phyfi'juf, 1920. [ix], 13. 1G9 -l.STV--From a study of tie 
variation of the thermoelectric power with tenii'eratiire, at tem- 
peratures above the melting r>oint of one metal of the couples, it is 
shown that the thennra-bN'tric r-ower of pure nutals varies continu- 
ously with tho tcm]>eraturo. there being no discontinuity at the 
melting point. For the metals in the liquid state the theriiioelectno 
jrower is a linear function of the leinperature, at least for lead, 
tin, and bismuth. For antiir.otiv the results are not so regular. 

W. G. 


Theory of Electrocapillarity. I. and H. Alkxanoeb Fbcsm 
{PhU. May., 1920, [vi], 40, 363- 375,3T5-385).-I. Oouy s thecn 
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(A., 1917, ii, 291) that the superficial electric charge is zero at the 
tcaximum of the electrocapillary curve, but that there may be a 
potential difference between the mercury and the solution, due to 
adsorbed ions, ia confirmed. The ordinary equation of the electro- 
capillary curve ^ym = f is replaced by cyfdiff = « + rj 5 gF, where 
surface tension, e=eleetrio charge on unit surface of the mer- 
cury, potential difference between a decinormal calomel elec- 
trode and the mercury iu the solution, Th. = adsorption excess of 
nitfrcury jn gm. equiv. per sq. cm. of dividing surface, F-96,540 
coulombs. The results are incompatible with Nernst’s theory, based 
on electrolytic solution pressure, since the potential difference 
between solution and mercury is not necessarily connected with 
exchange of ions of mercury, but may be caused solely by adsorbed 
layers of anions and cations. 

II. A modification of Gibbs’s adsorption equation is deduced, in 
which separate account is taken of the adsorption of the anion and 
the cation, and is used U> calculate the horizontal distance between 
the ascending and descending branches of electrocapillary curves 
at different concentrations (Gouy, he. cif.). The results are in fair 
agreement with the observed values, but the calculation of the 
maximum is less satisfactory. J. R. p. 

Activities of Ions in Aqueous Solutions of some Strong 
Electrolytes. Frederick H. Getmav (/. Amer. Chem. Soc.y 1920, 
42,1556—1564. Compare Noyes and Maclnnes, thisvol., ii, 345). — 
The E.M.F. of cells of tbetype Hg.HgCl; MCl(c,)i'MCl(c 2 ) |HgCl,Hg, 
in which M is sodium, potassium, or hydrogen, and in which the 
concentrations varied over wide limits, have been measured at 25°. 
Tn addition, the two cells Ilg.HgCl ;OT.VKCriOT.TNaCl|HgCl,Hg 
and Hg,HgCIlO‘LVKCT,’0*l.VHCi|HgCl,Hg have also been carefully 
measured, and from the results the activities of the ions have been 
calculated. The results show, as iu the work of Beattie and 
laclnnes (this vol, ii, 467), that the conductivity^viscosity ratio 
oes not afford a trustworthy measure of the activity of the ions of 
trong electrolytes. Furthermore, the marked increase in the 
ctivity-coefficient of hydrochloric acid, which occurs beyond 0‘5iV, 
Toves condusivelv that this quantity cannot be proportional to the 
iegree of ionisation. J- F- S- 

Electromotive Behaviour of Aluminium. I. A. Smits 
Proc. K. Aktul. Wttensrh. Amt^ferderm, 1920, 22, 876—881). — A 
■heoretical paper in which an e.xplanation of the valve action of 
iluminiuni is put forward. The ennobling of the aluminium poten- 
tial on anodic polarisation occurs as follows. During the withdrawal 
ff electrons from the metal, represented by aluminium ions 
pass into solution, Al/” — ^ Al,"*, and because this heterogeneous 
puilibrium is eetablished instantaneously the reaction Als —^ 
fl/ ' + 30, ( proceeds with a very small velocity, so that the metal 
jecomea poorer in ions and electrons. In consequence of this the 
loteiitial of the metal becomes more positive, as is seen from the 

21— 2 ‘ 
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oquation A’ = 0*058/v . log i - 2*8, because in this case 
becomes smaller. Since the metal is inert the discharge potential 
of oxygen will soon be reached and oxygen will be liberated, which 
in certain circumstances may lead to the formation of an adherent 
coating of oxide on the metal. This coating gives rise to a certain 
resistance which may rise to a considerable value with increasing 
thickness. The assumption, however, that the resistance of- such 
a coating should be diiTerent for different directions of the current 
is not justifiable, so that the sudden decrease of resistance on 
reversal of the current must be due to another cause. The small 
quantity of oxygen absorbed by the metal is a negative catalyst 
towards the setting up of the internal met«al equilibrium. Hence the 
metal surface, being very poor in ions and electrons, passes into a 
metalloid condition, that is, it possesses small conductivity. Hence 
on anodic disturbance the aluminium .surface becomes a metal laver 
of great resistance, and this coating is in turn surrounded bv 
another of alumina. On reversal of the current the hydrogen liber- 
ated removes the absorbed oxygen, ami the aluminium surface is 
transformed with great velocity into a condition of internal equili- 
brium. that is. the coating of great resistance is changed into one 
of negligible resistance. Hence the resistance remaining when 
aluminium is changed from anode to cathoile is chiefly the resistance 
of the alumina. J. F. S. 

Ignition oS Gases at Reduced Pressures by Impulsive 
Electric Sparks, W. M. Thokmon {Vhil. .1/u;/., 1920. vi, 40, 
345— SfiG). — Ignition by imi'ulsive sparks is. oti the whole, inor? 
difTicult at low pressur*-'. in this differing from ignition by hot wires. 
In hydrogen aiid uiethane the increase of tlilTicnlty takes place bv 
well-marked steps or siag-'s. Tn ethane or propane this does noi 
occur, but there is an o.<4-ill,iti<>n of the curve, found also in hvciro- 
gen and carbon inonoxi<b*. This a]qH'ars to be associated \vth the 
temperature of tbe ^parking [*oint during the j'a.'jsago of the spark. 
It has been shown previously (\-. 191 1. ii. ; 1015, ii, "Sll 

that at pressures well above utoumpherie sudden changi-s of iiiflaiis 
inabilitv occur when ignition bv iin|>u!sivc sparks or conchiiier 
discharge. It is now fimiid tlwii there are such ."-teps at i't*diiceJ 
pressures, and that tl’.eri* is a riiHc agiV'Uin-ut between the partial 
pressures corresp’omling with tho points at wbich oxygen lias ratios 
to tbe mass of the combu-tible ga.s pxj'ressed by successive natural 
numbers, and tbe pre?.^\ire.-4 at which ftU<l<len changes of inllamma- 
bility occur. J- 

Dye Cells. K. SrAKciim.ts {Zfitsrh. yhf^tknl 
1920, 94. 512 591 1 . -The change in A' .l/./-'. produced W. ceU 
contaniing varioi^ lluoresceiit dve:- on illn.mitmtiim with a o'* 
rand!e-pow*T halt-watt lamp ba^ been mea-ure^l against ^ 
.V-calo!ne! ele^’f rivle. Rho'laTtune-/b rhndaiiiinp lU/, sodium 
quinine sulphate, tclraehloroflnore^eein, the phosphine dye, 
sodium salts of /^-naphthylajniue-6 : 8- and o : 7 -disuIphonic aci 
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and resorufin, were all measured botli alone in solution and in the 
presence of oxidising and reducing agents, such as acetaldehyde, 
formaldehyde, oxalic acid, ferrous sulphate, iodine, vanadium 
tetroxide in sulphuric acid, ferric sulphate, hydrogen, oxygen, 
quinol, and other suhi^tances, such as potassium chloride, iodide, 
and sodium carbonate. It is shown that the Becquerel effect takes 
place .in both directions, and its dimensions and direction depend 
on the presence of reducing and oxidising agents. The behaviour 
of all the cells examined can be explained by the assumption of a 
hidden oxygen-hydrogen photolysis. J. F. g, 

Metastabilily of the International Weston Element and 
its Unsuitability as an [Electrical) Tension Normal. Ernst 

Cohen and A. h. Th. Moesvklo (Zififsch. physiJml. Ckem., 1920, 
95, 285— 304).— The international AVeston element with a 13*5% 
cadmium amalgam, which was recommended by the international 
conference on electrical standards and units (Washington, 1908), 
does not fulfil the demands which are required from a standard of 
electromotive force- This is because the results of Cohen (A., 1900, 
ii, 702), Bijl (A., 190.3. ii. 6), and F. E. Smith [CoUecUd Ee&earches 
yat. Phps. Lah., 1010. 6, 137) on the composition of th© element 
have not been siifhciently taken into account. This element at tem- 
peratures below ]'2*^ is a metastable system, which may spontane- 
ously become stable with a ooticwjhle change in the E.M.F. amount- 
ing to about 6 millivolts at O', and for this reason is unsuitable as a 
standard. The temperature formula recommended by the confer- 
ence for use between 0'^ ajid lO"^ with this element refers to elements 
•hich are metastable U)) to 12^ and stable above this temperature, 
’he AVeston element is to be ref)laced by an element containing 
adraium amalgam as recommended by Cohen and Kruyt (A., 1910, 
i, 178, 259), which is stable from a few degrees below zero to 40®. 
The tedlper.atnre formula metitinijcd above is strictly applicable to 
dements containing ST, cadmium amalgam from 0® to 40®, and 
nay be applied to all such elements which are stable over this rang© 
)( temperature. The AWton elements supplied oy the Weston 
Company containing 12 — 13T cadmium amalgam are also unstable 
below 12°, and are also unsuitable as normals of electromotive force. 

J. F. S. 

Moving Striationn in Neon and Helium. F. AV, Aston 

and T, Kikuchi (Pror. Pny. .W.. 1920, [.4). 98, 50 — 56). — When 
the flash of an o^dinar^’ spectrum tube containing neon or helium 
is analysed by a rotating mirror it is found to consist of an 
extremely short fla.«h followed bv a flame or arc. and that the latter 
«>n?ists of bright striation® travelling from anode to cathode. The 
velocity of these striatious is found to be about oO.OOO cm. /sec. in 
ifon and 100.000 cm. /sec in helium. These values are a limiting 
and the velocity vari«i with varving conditions, such as pres- 
*'ire, diameter of tube, and temperature. Neither air nor hydrogen 
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showed moving sfcriations in oapUlary tubes, but in a tube 1-6 mm. 
wide both developed stationary etriations at 1 mm. to ^ mm. 
pressure. 

VariaUon of Magnetic Susceptibility during Allotropic 

Transformations and Melting oi some Substances. Ioratoo 
ISHIWAKA (Set Ttep. Tohohi Imp. Umv., 1920, 9, MS— 241),^ 
The maguetio susceptibility of live weaJily magnetisable subsUnces 
waa exMiined over considerable ranges of temperature in 
torsion balance apparatus wliich could be exhausted or filled with 
inactive "as. Water was used as the standardising substance of the 
apparatus, its specific susceptibility being accurately known. Silver * 
bromide is diamagnetic. On cooling, ita susceptibility is fairly con- 
stant down to 20U^, below which there is a slight decrease but do 
discontinuity iu passing through the melting point. Silver chloride 
is also diamagnetic, the susceptibility increasing with nsing tem- 
perature with no discotiliiiuity during fusion. The diamagnetic 
susceptib’uity of sulphur shows no discoiirinuity at the transforms- 
tion from rhombic into iiionoclinic crystals, and the curves give no 
definite indication of fu.rion, but the liansforniation in the liquid 
nhase at ItJO — 170’ is accompanied by a decrease of about 2% in 
diamaciietism. after wliicii the su,<ccplibility is again TOiiswut, 
Therrare indications of a reversible magnotic change at pout S0« 
which may be due to the jireseitco of an amorphous sulphur. The 
diamagnetic siisceptibililv of zinc shows a sudden dwrease of about 
at the ineltiiig point with a linear decrease above and belt)* 
this point Aluminium is paramagnetic, and its susceptibility is 
constant over a range of lub’ below its melting point. Dunng 
fusion it increases by about 2'; and then remains constant. 

1. 11. i5. 

Molecular Theory of the Paramagnetism of &U(f S^te. 

Otto Strh.n (Znt-;,. /-/ly.-iA-., 1920, i 147-153 ; from 
Zfnir 1920, lii, 297). (.'uries law, .iT = const, (a here / is 
susceptibilitv and T the absolute temperature), has been applied by 
WeiM to sofid .stibstanc-s on the b.asis of Langevin s theory aiid ra 
Se ^lunintion that here also the molecnles, as earners of the 
elementary magiirt.s. are able to rotate freely. Since, hoiieie^ 

doubts hZ-e been cast on this aasumptioii, Weias endeavour^ 

later that it is imt !.-allv ps,wniial if the condition is biltiUw 
that the niolemiles are attach'd to st.able 

in conserinence of toniperalure changes, osnl ate P , 

lions provided onlv Ih.at the orientation of tho-r ei,inlibri p 
lions' floes not occur in anv preferential direction j, 

luiioes and crvstalline pow.leni). The 

Weia,' caleulations has led the author to til 

Buhjeet. He is led to the diametrically ’.VrieniFfa*""’ 

suJeptibility of such a substan^ is ,ppr„riii.a*» 

to a first aoproximalion. and only as a tmiii’t'*' 

dJeL toiniwhat but only very slightly with moreasing te.»| 
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ture— a reaulb which could be predicted without calculation. 
Curie’s law cannot therefore be valid for molecules oscillating round 
an equilibrium position, but only for such as are able to rotate 
freely. Since the molecules in a crystal certainly do not (jonform 
to this condition and Curie s law is known to be valid, the author 

led to the conclusion that the molecules cannot be r^arded as 
the carriers of the magnetic moment, and that this function is 
probably performed by the ions. H. W. 

Voluxne Change Produced on Diluting Concentrated 
Solutions or Mixing Two Liquids. [Fruj Irbjjb i), Gdxz 
[Zeitsch; physikai. C/tem., 1920, a4, 181— 209).--The thermal 
expansion of ethylene dichloride, benzene and ethyl ether under a 
pressure of 420 and 350 alms, respectively has been determined over 
the range 0 — 40®; the volume change is represented by the follow- 
ing equations: ethylene dichloride, v =0*78025(1 -i'0’U011i09f'i- 
0'000001696(-) ; ethyl ether, v = 1*35786(1 -r 0■0015006^ + 
0*00000437<^) i benzene, t> = l*11250(l + 0 0011715^ + 0*000000155^2). 
The thermal expansion of mixtures of ethyl ether-ethylene 
dichloride and ethyl ether-benzene of various concentrations has 
been determined and found to be the same as that of ethyl ether 
under dennite external pressure. These pressures were proportional 
to the concentration of the ethylene dichloride up to 49*875% and 
to that of the benzene up to 100%. .Making use of Tammann’s law 
of concentrated solutions, the contraction on mixing a concentrated 
solution of ethylene dichloride in ethyl ether with ethyl ether has 
been calculated and the values found to be very near the experi- 
mentally determined value. The contraction on mixing ethyl ether 
with benzene has been calculated on the assumption that two 
liquids only differ from one another and from their mixture in 
respect of their internal pressure, and the volume change depends 
only on the total pressure. The calculated values are very nearly 
those determined ext)erimenta)ly, except in a few cases. 

J. F. S. 

Graphic Representation of the Characteristic Equation. 

R. Mollies (Phyj^ikal. ZeU-crh , 1920. 21, 457— 463).— The magni- 
tude y^yv^lT is plotted as ordinate against the density or the reci- 
procal of the absolute temperature as abscissa;. The resulting 
diagrams for different characteristic equations are discussed. 


Theory of the Solid State of Aggregation. A. van deb 

Webth {Zeitfch. f'hrm., 1920. 95, 129—138).— A tnet^ 

retical paper in which a number of properties of solids are treated 
mathematically. It is shewn that the specific heat and the mechani- 
cal solidity bear a simple relationship to one another. Both quan- 
tities depend on the molecular attraction, and furnish a measure. 
rOf the resistance with which a substance opposes any force which 
puds to disrupt it. This resistance is term^ the “work of expan- 
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sion ” and may be calculated from the modulua of elastidty and 
also’from tie specific heat and the thermal expansion. The follow- 
ine relative values have been calculated for the lengthening by 
1/100 mm of the following substances, from the specifio heat 
lilZ L. 8 05; Pb, 5-2; Cd, 8-07; Fe, 31'25; Au, 18'08; Cu, 
20-37; Na, 0-168; Ni, 29-7; Pd, 24-45; Pt, 32-7; Ag, 12-7; Bi, 
9-41- Zn, 9-67; and Sii, 71. The values calculated from the 
modulus of elasticity in many cases differ very much from the above 
values. The method adopted in the above calculations p^mits -of 
qualitative conclusions being drawn in connexion with the mechani- 
cal propeHies of solid substances from simple thermal daU. 

J. F. S. 


An Electrical Adiabatic Calorimeter and its Use in the 
Determination of the Specific Heat of Solutions of Cadmium 
Sulphate Ervst Codev and A. L. Th. Moisvit.d [Zeitsch. 
phmkal. Ohem., 1920, 95. 305— 3'27V— The construction of an 
adiabatic calorimeter is described, which in it.s chief points follows 
closely the adiabatic calorimeter of Richards (A., 1908, ii, 8U6). 
The main point of difference lies in the heating of the liquid in the 
protecting jacket. Richards changetl the temperature of the jacket 
by neutralising sotliiim hydroxide solution at a measured rate, 
whilst in the present case the change in temperature is eflected by 
the passage of' a known anu.nnt of electrical energy into the water 
in the surromnling jacket. An accuracy of 0-5 per 1000 is claimed 
for the re.siilt.s o'-.uinwl with this instrument. The sjtet-ific heat of 
solutions of cadmium sulphate from l-^O"', to 44 63'^. (hy weight) 
has been (lelermined ainl values obtained which steadily fall from 
0-9763 "-ith the most ililute solution to 0-57'J;) with the most 
concentrated The reuilt.s are compared with the values obtained 
bv Berthelot Thomsen and foiiml to differ by quantities varying 
fmm 1 '701)0 to 36 6 p'i0, J- F. S. 

Indirect Method of Determining the Specific Heat of 
Dilute Solutions with Preliminary Data Concerning Hydro- 
chloric Acid. Thkoporh W. Ri.-iiard.s and Atutf W Rowe (I 
,lmer. Chrw. .s'or., tO.’o, 42. lO-Jl 1635). -The specific heat oi a 
dilute solution can be delerminwl indirectly from the difference m 
the heat develo[>e.| on diluting a kiio.vn concenirateil solutinn to a 
solution of the desireil strength at two temperatures. 1 he method b 
based on Kirchhors law, K.-h\ =(7.-' - ri AO, i« which A.an 
A-' are the molecular heat capacities of the two aubsUnres b > 
r' the respective total energy i-lianges. that is, the heats of < i u 
ar 0 and (d-f i'D- Tins methotl hAs lii-en carried out w-ith rtc idt _ 
most care for solutions of hydrochloric aad^ " rnoH.O- 

cular heats of dilution have-lieen obtained f'”' ,n„p,',qnjT0 
15II..0 711 cal,; nCl.lOir.O.-IrtlRO, 919-,TiaionoO"9(H ; 
1082; ' nC!.20H,,O ‘-8011,0, 480; ‘ pjlS: 

1K'1,20TT,0 a 180H,O. .549 ; HCl.lOlLO + 39011..O, 

nc'i!ion;o + 79on. 


fro .549-. HDl.lOll.t.' + 

;.,0. 1-247. The following specific heats, for" 
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an accuracy of about 0-05% is claimed, have been obtained: 
HCUOHjO, 0'752; HCl,20H2O, 0'849; HC1,25H,0, 0-8776; 
HCl.bOHjO, 0-9320; HCl.lOOHp, 0-9634; HCl,200H,O, 0-9812- 
and HCMOOHoO, 0 9905. This method of determining specific heats 
is to bb recommended because it is easier to measure two heats of 
dilution than one direct specific heat. J F S 


Variation of the Specific Heat of a Gas with Temperature. 

GtoBUE.W. Todd {l‘hil. Mag., 1920, [vij, 40, 357— 362),— It is 
shown that continuous change of specific heat with temperature is 
not inconsistent with the theory of equipartition, and that the data 
for hydrogen are eiqdained by the theory of equipartition as well as 
by the quantum hypothesis. It is assumed that gas molecules have 
thrre degrees of freedoni so long as their velocities are below a 
critical value, above this value collisions result in the acquisition 
of further degrees of freedom. j, p_ 


Specific Heat of Saturated Vapours at Low Temperatures. 

E. Abiss (Compt. rnul, 1920, 171, 4.56— 458).— A critioism of 
Bnihat’s work (this vol., ii, 538), in which the author reaffirms his 
own views on the subject (A., 1917. ii, 192). W, G. 

Third Law of Thermodynamics and the Entropy of 
Solutions and of Liquids. Gilbirt N. Lrwis and G, E. Ginson 
(.7. Ainrr. Chrm. Soc., 1920, 42, 1529 — 1533).— A theoretical paper 
in which the Xernst third law oF thermodynamics and the entropy 
of liquids and solutions are considered. The third law of thermo- 
dynamics is restated as follows: “If the entropy of each element 
in some, crystalline form is taken as zero at the absolute zero, the 
entropy of any pure crystal at the absolute zero is zero and the 
entropy of any other substance is greater than zero.” It is, how- 
ever, likely that (be diiTerenca between the entropy of a pure 
substance in the crvst.illine state and in any amorphous state may, 
in many cases, prove to be very small. J. F. S. 


Entropy Changes at Low Temperatures, I. Formic 
Acid and Carbamide. A Test of the Third Law of 
Thermodynamics. G. E. Gibson, W. M, Latimer, and G. S. 
P.AIIKS (.7. Amrr. Chem. .‘foe,, 1920. 42. 1533— 1543).— The specific 
heat of formic acid and of carbamide has been determined at a large 
iiiniiber of temperatures from 71-0° K to 300-3° K. For formic acid 
(he follov.-iiig values have been obtained: 71'0° A’, C, per gram = 
0-1.57; 90-3° A', (',,^0-183; 2,50-5° A. (',, = 0-344; .and 291-5° K, 
O'oIO; for carbamide (be results include: 86-4° A, C,, = 0-239; 
107-5° A, Cp=0-259; 2-14-2° A, (’,,=0-382; and 300-3° A, (7,= 
0'46n. From these valuee the free energy and entropy have been 
calculated, and tbo following valiie.s, which are in keeping with the 
third law of thermodynamics (see preceding abstract), are ob- 
tained: Formic acid, S,csiV = 4-72 per atom, and S,, - 1 , 1 - 5 ° =4-86 per 
atom or 21-30 per mol.; the entropy of fusion is 860. 



ii. 586 


ABSTRAOrS OF CHBMIOAL PAIBKS. 


S 2 ( 8 *(liquid) = 34'2. The tree energy of formation from the elements 
is -85370 cal., and from carbon monoxide and water 3416 cal. 
both at 298° K. Carbamide, =4r0±2'0, and the free energy 
of formation from the elements is -48,992 cal. J. F. S, 

Entropy Changes at Low Temperatures. II. Ethyl and 
Propyl iUcohols and their Equimolecular Mixture. O. E. 

Gibson, G. S. Parks, and W. M. Latimer (.7. Amer. Chem, Soc. 
1920, 42, 1542 — 1550. Compare preceding abstract. — Thj speciSo 
heat of ethyl alcohol, propyl alcohol, and an equimwecular mixture 
of the two has been determined for the liquids, crystalline solids 
and the glasses at temperatures from 78o° K to 274'6° K. The 
heat of fusion of ethyl alcohol at the melting point 156'2° K is 
found to bo 24 0 cal. per gram or 123 cal. per gram-atom. The 
molecular heat capacities are: ethvl alcohol, 2687° K, 24'39- 
198-3° K, 2110; 90 0° K, lO'SO; .and 86 0° K, 12-15; propyl alco^ 
hoi, 268-7° K, 30-96; 193 3° A", 26 67; 90-0° A, 1517; and 86 0° A, 
14 - 47 , whilst the values for the equimolecular mixture at the sane 
temperatures are 27'72. OS'dS, 13-90, and 13-21 respectively. From 
the data it appears prob.able that the entropy of the equimolecular 
mi.xture is not zero at the absolute zero. Assuming the validity of 
the third law of thermorlynamics to the process ethyl alcohol (super- 
cooled) — ethyl aU-ohol (ory.stalliiie) i.s',-,;..;. has been calculated bv 
two methods. The <lillerence (per gram-atom) lictwoen the results 
obtaiuerl is 0'12 cal. per degree or 20 cal. ,Tt 156'2° K. By nicaiis 
of the third law of thcrmodyiiaauie,s the free energy of ethyl alcohol 
has been ealculaterl to F-.m-' = - 43,000 cal. J, F. S. 

Space-filling and Ionic Mobility. Riciiaed Iaokenz {Zeitsch. 
Elektrocfiem., 1920, 26, 383 -384t. — The author refers to the ttort 
of H. Kauffmann (this vol , ii, 16) as of importance in the extra- 
polation of electric conductivities to the limiting value, but diflen 
from him in considering the boiling points as corresponding states 
for liquids. J. R P. 

Some Little noted Sources of Error in Boiling-point 
Determinations under Reduced Pressure. C. von Rechenbbhb 
and E. Br.wer (Ac/t-srA. phyxiknL 1920, 95, 184 — 214),— .1 

large number of experiments on the determination of boiling points 
under reduced pressure arc described. It is shown that the tem- 
perature of the vapour in the boiling tube decreases from tie 
bottom upwards, in individual cases as much as 20°. The electri- 
cally determined temperiitiirc measurements of Hansen (A . 191*)- 
ii, 827) show that ther.s is .i more r.Tpid fall of temperature hetveen 
the surface of the boiling liquid ami a height 1--2 cm. above ittt“ 
elsewhere, which may he explained by the presence of fine drops 0 
superheated liquid carried upward by the vapour. The temperature 
gradient in the upper half of the Imiling lube ili regular, and occa 
sionally greater than in the lower half. The temperature 
fore increases from the bottom upward, and this is true in al 
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and with all v^atione of heating and temperature of the mantle. 
With, increase in the heating, that is, with increase in the amount 
of vapour evolved, the temperature increases at all points in the 
boiling tube, but in general the temperature gradients and tem- 
perature differences do not change to any marked extent. The tem- 
perature of the surrounding mantle influences the temperature of 
the vapour to a marked extent. The following conditions are recom- 
mendwi for the determination of boiling points by the dynamic 
method.. The boiling flask may be of glass or metal ; in the latter 
case a flattened bottom is preferable, whilst in the case of glass a 
second neck carrying a capillary tube is advantageous. The neck of 
the flask should be surrounded with a vapour mantle; the boiling 
tube must be at least 20 mm. wide, the neck and condenser tubes 
15 ram, wide. The thermometer bulb must be placed at least 50 mm. 
above the level of^thc boiling liquid and the whole of the mercury 
thread should be In the vapour. Pressure measurements should be 
made on the boiling tube. The manometer should have a limb 
15 mm. wide and must be perfectly vertical, and pressures of lees 
than 5 mm. should not be measured in this way. The velocity of 
distillation must never be greater than one drop per second, and no 
temperature or pressure readings should be made until at least 
10 C.C. have distilled over. J. F. S. 

The Boiling Points, Critical Temperatures and Pressures 
in Homologous Series. MaurickPrud’homme (/. Ckim. physique , 
1920, 18 , 94 — 102). — In a homologous series the value of T^fTc 
increases from oife member to the next higher in the series, Tj being 
the absolute boiling point and Tt the absolute critical temperature. 
{Tc-T^) increases or decreases similarly according to the particular 
series, and Ti/3’c divided or multipM by (Tc-Tj) is a constant 
for each series. 

The difference in the critical temperatures of two adjacent mem- 
bers in the series of paraffin hydrocarbons is given by A=:210/ 
y^fl-oissrvTf. 

'for isomeric esters, {Tc-T^)I{L-T,) is a conste.at, where f, and 
Tn are the absolute boiling points at two different pressures. Fur- 
ther, {T,-T-) is an exponential function of the critical pressure. 

The introduction of any one of the halogen elements into a hydro- 
carbon gives for T,!T, and constant values independent 

of the nature of the halogen. 

Ulrich DUhriug's Law of Boiling Points at Similar 
Pressures. The Zero Point of Vaporisation, a vos 

Rechenberg {Zeitsrh. physical. Chem ., 1920, 95, 154 183). A 
theoretical paper in which DUlirincr'f; rule is e.xainined by means 
a large amount of previously published vapour pressure data, It la 
shown that this nile may be restated as follows. The saturation 
temperatures, for equal pressures of pure uniform chemicA su 
stances having similar vapour-pressure curves, change in e s^e 
way if the compounds during vaporisation do not change their 
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constitution, that is, neither dissociate nor associate, and when the 
vapour is entirely nnimolecular. The author postulates a mini- 
mum temperature at which a substance ceases to exert a vapo\ir 
pressure; this is the temperature at which vapour ceases to be 
^pable of existence, and is termed the zero of vaporisation; it 
differs for everv substance, and if it is found experimentally for 3 
single substance can be- calculated for all others by Duhring's rule. 
The vaporisation zero of hydrogen is the same as the absolute zero, 
as follows from the vaponr-preasure determinations of .Travers, 
Senter, and Jaquerorl (A., 1903, ii, 9). Using this value, those of 
about fifty other substances have been calculated. The values of the 
more common substances are: oxygen, — 243'91°; carbon dioxide, 
— 171'49®; ammonia, — 161'83‘^; chlorine, —182*29^; ethyl ether, 
-146'"3°; ethvl alcohol, -91-96°; benzene, -129'71°; water, 
-87-84°; Ireuzoic acid, -fl-73°; glycerol, + 27-85°; and sulphur, 
6 - 57 °. J. F. S. 


Vapour Pressure Equation. CvniL 11 Mf.tkhs {Phi. Maij 
1920. Ivi], 40 , 362 363).- - The ofiuation of Todd and Owen {.•(. 
1919, li. -195) is criticised adversely. J. R. P, 

Approximation Formulsa for Univariant Systems. J. a 

VAN Liempt {Zfit$ch. itnorij. Chffn., 1920, 111 , 280 — 288). — A 
theoretical paper in which the author deduce- formula- by whicl 
the vapour |ires,sure and sublimation prc.ssure in univariant systeis! 
mav be ap[iroxintate<l from knov.-u d.ata. The formula are basec 
on the Clapeyron foiimila. d/i b/r- (?,, (c^ - i-.lP. .and have thf 
form f - - 0-21 “U-iT-r-i |'■--184/.-,, in which is the Trouton oon 
stant (-.’ll, Tt the boiling point, and r- 1 T, the temperature umlei 
discussion; supplving the value of the constants, the formula 
becomes -r - 4 'ybTir .-4 .59. This formula holds iu the, region ol 
the critical point if it is written in the form log;i,,= 
-4'597’t 7... -1-.59 The sublimation jire.ssure is given bv 
x=-(2-95rV-4-,59Alr-s7-.53. J. F. 8, 


Liquefaction of Air and the Characteristic Equation. K 

.ScHREHEB {Phiff^h'al. Zer/scA,, 1920, 21 . 430 — 433).- ■.\ di.sciissioii 
of the .loiile-Kelvin effect le.ads to the characteristic npiatio!! 


r’ - (/7'r *- e')i-- hP-T -0, in-tcad of van 

tion v'-(PT'p- h)!°- ~'ir ’ I' ~ /thl p-0 


(’■: r Wnalsb p.-na- 

,1, R. P. 


Heat of Reaction. WauTtiKR Jaskowskt h'itro- 

r.hf/m., 1920, 20 , 3^5 391 1. The enerffy content nf a laxly wn- 

sists of heat and potential energy, whieh are iutemmvei-Wf' 
Xemst’a theorem is dodueecl from this a.ssum]ition. Kirci o 
equation for the depeiidene*- of heat, of reaction on 
Nemat’s use of the equation, are said to ho incorrect, 
believes that affinity is inde]>endent of temperature. J 
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Heats of Combustion of Benzene, Toluene, Aliphatic 
Alcohols, c^c/oHexanol, and other Carbon Compounds. 
Theodore W. Richards and Harold S. Davis (7. Amtr. Chem. 
S&c., 1920, 42, 1599 — 1617).— The heat of (ximbustion of a number 
of carbon compounds has been most carefully determined, and the 
following values obtained in 18° calories per gram: sucrose, 3943; 
benzoic acid, 6320; naphthalene, 9614; benzene, 10,014; toluene, 
10,155; (eri.-butylbeuzene, 10,434; cyclwhexanol, 8882; diwamyl, 
11, ‘339; pethyl alcohol, 5326; ethyl alcohol, 7101; propyl alcohol, 
S033; «-butyl alcohol, 8615; and iwbutyl alcohol, 8599, The heat 
effect for the addition of CH.^ in alcohols, and in the side-chains of 
aromatic hydrocarbons, is 648 kilojonJes or 153-5 Cal., whilst that 
for the addition of CH^ in the benzene ring is 638 kilojoules. 

J. F. S. 


Calculation of Theoretical Heats oi Solution. H. yom 

Steinwehr {y^eiHch. pAysiW. CVim., 1920, 94, 6—24). — A theo- 
retical paper in which the calculation of the theoretical or fictitious 
heat of solution is considered. It is shown that the two most 
important methods for calculating this quantity, as put forward by 
Cohen and llruins (A., 1918, ii, 297), are only possible in the case 
of anhydrous salts. The method applicable to hydrates, which 
can also be applied to anhydrous salts, was deduced by W. Jaeger 
{lki\ pln/aihil 1901,3,48), and has now been developed 
without the objections which were raised to Jaeger’s method, and 
t has been used to calculate the fictitious heat of solution of 
MSOi,8/31ii.O at 4° and the value -182'8o cal. obtained. The 
orniula for calculating the temperature-coefficient of the fictitious 
leat of solution given by Cohen and Bruins {he. cif.) is shown to be 
ncorrect. and corrected forniulce have been deduced for the casee 
ipplying to hydrates and anhydrous salts. The probable course of 
he nctitious heat of solution of CdS0^.8/3n.;>0, with temper^ure 
changes, has been calculated from the values calculated for "7 3 , 
1°, and 18°. It is also shown that by making use of a modification 
>f Kirchhoff's formula for the heat of solution, the fictitious heat 
.solution and the difference between the total energy of element, 
may be calculate<l both for the conditions with and without solid 
phase if the dependence of the tension of aqueous vapour of t o 
solution on the dilnlion of the solution and the tempeiature-coe 
cient of the solubility of the salt are known. These formula hold 
for both anhydrous salts and hydrates. ■ ■ 


Theory of Binary Mixtures. VI. Coin^pressibJity ol 
Binary Mixtures. F. Doikz.ai.ek .md F. Speiml 
Chnn.. 19?0, 94, 72 -! 10 ).-The theory of the 
bility of binary inixtares is developed in 
aiithor’a theory of binary solutions (this vol., n. - ■ ® 

piwibility of the binary mixtures, benzene-ethy ene i . 

ethyl ether^Hdiloroform, and benzen^arbon f 
determined at 24’6° for all possible oonoentrstions up p 



ii. 690 


ABSTRACTS OF OSBMlOAL PAPBBS. 


of 600 kilo./sq. cm. The compressibility curve tor mixtures of 
benzene and ethylene dichloride is a straight line at all pressures, 
■which indicates, in keeping with previous vapour-pressure measure- 
ments {loc. cit.}, that both substances are unimolecular and that the 
compressibility is additive at all concentrations. The compressi- 
bility curve for mixtures of ethyl ether and chloroform at lower 
pressures is strongly convex to the absciss® axis; consequently. there 
is a strong deviation from simple additivity in the compressibility 
of these substances. If the amount of complex formation ^betweSn 
these substances, previously found from vapour-pressure measure- 
ments, is taken into account, the curve becomes a straight line and 
exact additivity is obtained over the whole range of concentrations 
With increasing pressure, in accordanco with the theory, the curva 
ture becomes less, and eventually it becomes concave to the abscissa 
axis. Mixtures of benzene and carbon tetrachloride exhibit a 
lower pressures a strongly concave compressibility curve, which i; 
in keeping with the previous vapour-pressure measurements. If thi 
formation of double molecules by tho benzene is taken account of 
the eompre-ssibility for all concentrations becomes additive, and i 
straight line curve is obtained. With increasing pressure the curvf 
becomes convex, as is demanded by the theory, J, F, S. 

Application of the Law of Limiting Densities to Easily 
Liqne&able Gases and the Atomic Weight of Sulphur, 

El'gkse Woi'RTZEL (J. ('him. plii/ti'/uf, 1920, 18, 142— 150),--In 
the light of Guve'a recent work (A,, 1910, ii, 313), the author has 
revised certaiu of his previous calculations (A., 1913, ii, 771), and 
in partinilar calculations of the results obtained by Jaquerod and 
Scheuer on the compreesihilily of sulphur dioxide. From these 
calculations he deduces an atomic weight of sulphur, 32'030 + 0 ' 006 , 

W. G, 


The Viscosimeter as a means of Determining Density. 
J, Iloi-KEn (./. Hurt,. lO'fi). 23, t3.'i 1S7 ). Bv roniliiiiiii” 

the fonnuLx- of Ostwald l’oiscuillo and of .‘icarpa (A., 1911, li. 17). 
in which the deiisitv of the liqui<l doev. and does not, occur respec- 
tively, it i.s possible to tiiid the density by tho viscosimeter. The 
results are in satisfactory agres iiif iit. and 2 c.c, or les.s of liquid are 
sufficient. 

Determination of Density by means of the Pyknometer. 

Walter Block (Zfilttrh. nmirir. Chrm,, 1920 , 33, 198 
discussion on the best wav of using the pyknometer, attention beicg 
directed to sources of error in weighing, influence of atniosphenc 
pressure, etc. 

Internal FricUon of Binary Mixtures of 

Meter and Bruno Mylius (Zr.Utch. phytikal. Cktm., ’ 

349— 377).— The density and specific volume of benwne and n i 
chloro-, bromo-, and iodo-benienes have been determined a P® 
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tures from 0 ° to tiio boiling point, and from calculations made from 
the Eotvds rule and the Trouton-Nemst formula it is shown that 
these substances are probably normal in the liquid condition. The 
lenaity and specific volume of the binary mixtures of beniene and 
ta halt^en derivatives have been determined for various mixtures 
it •temperatures between 0*^ and 80*^. A comparison of the experi- 
nental specific volumes with those calculated by the mixture law 
Tom the individual specific volumes shows differences which lie 
vithin the experimental error, which indicate that the specific 
mlume in these cases is an additive property. The viscosity-ooeffi* 
:aent and fluidity of benzene and its monohalogcn derivatives have 
been determined at temperatures between 0 ® and the boiling point 
Below 96° fluorobenzene has a greater fluidity than benzene, despite 
its larger molecular weight Above 95° the fluidity follows the 
expected order, that is, it is inversely proportional to the molecular 
weight. In all cases the v 4> curves are straight lines, and are in 
keeping with the Batschinski equation between v and (f> (A., 1913, 
ii, 928). The constants a and h of the Batschinski equation have 
been calculated for all five substances, and the observed and calcu- 
lated values of <f> found to be extremely good. The fluidity of the 
binary mixtures mentioned above has been measured at tempera- 
tures 0—80°, aud ill these cases also the v <j} curves are straight 
lines. In general, the fluidity and internal friction cannot be cal- 
culated from any of the mixture formuls hitherto applied. The 
formula = <^> 1 . 6i/5 . PiO^i /n) + <f>. . kjb . pj/pi + pg 
deduced, which applies to ail cases. J. E. S. 

Examination of Pol&nyi's Theory of Adsorption. Ludwig 
Bebenyi {Zeitsch, pht/sihaL Vheifi., 1920, 94, 628 — 662. Compare 
A., 1916, ii, 474).— A theoretical paper in which a new method of 
calculating the partition of the adsorption potential in the adsorp- 
tion sjuice is developed. The method makes it possible to deduce tlua 
functm from the isothermals of the adsorbed material above the 
critical temperature. This method has been applied to the adsorp- 
tion isothermals of carbon dioxide, nitrogen, ethylene, carbon mon- 
oxide, methane, argon, aud amniouia by charcoal, and sulphur 
dio.'iide aud ammonia by silicic acid gels. The data 
obtained from the recent publications of Titolf [A., 1910, ii, 
Homfray (A., 1910, ii, 771, 1041), Richardson (A., 1917, ii, 526), 
md Patrick (Disa., Gottingen, 1914), and the result^ 
iemauds of Polauyi’s hypothesis are moderately well fulhlled. iUe 
theory is applicable to the adsorption of vapours by silicic^ac^ ge s. 


Adsorption as a Molecular Phenomenon. I- 

ScHiLov and Lidie Lepin {Zdtieh. plipil-al Chem., , 94, 
25-71).-The adsorption of a very large number of «Mtrolyte 
and other substances from aeiueous, alcohol, acetone, an o 
solutions by wood charcoal has been determined. The "3 

*as activated by treatment with superheated steam an pu 
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by treauueut with, hydrochloric acid (1 ; 1). The experiments show 
that adsorption is due to the forces and properties of undissociated 
molecules. The adsorbent takes part in the process not only by 
means of its electrcecapillary forces, but also by virtue of the whole 
of its molecfular forces. Consequently, adsorption is not to be 
treated only as capillary chemistry, but also as molecular chem- 
istry. The phenomena of adsorption show themselves to be the 
more or less complicated result of the molecular forces of the 
adsorbent, the adsorbed material, and the solvent. The ^sorbent 
e-xercises a dchnite field of foroe, which is dependent on the 
chemical properties of all the substances conoerned in the process, 
and thereby it becomes to a certain extent specific. For Ae pro- . 
duction of an energetic power of adsorption two conditions are 
necessary; a difference in strncture and definite chemical proper- 
ties of the adsorbent or its impurities, whereby, however, a chemical 
reaction need not necessarily be brought about. The molecular 
field of force of the adsorbent depends on its composition. The 
adsorption of electrolytes containing either a common anion or 
cation e.xhibits characteristic regularities: (1) A series of electro, 
lytes of different cations with the same anion when arranged in 
groups according to the valency of the cation shows the influence 
of the atomic weight of the cation and a relationship to its position 
in the periodic system, in the sense that the adsorption is greater 
the vreater the atomic weight. A further series of the cations may 
be irade with respect to hydrogen, in which those which are more 
electropositive fall into one group aud those which are less electro- 
positive fall into the other. ('J) A series of electrolytes of various 
Lions and one cation can be arranged into a number of groups of 
similar adsor|)tive properties; it is fouud that similar types of 
compounds occur in the same group. The following order of 
adsorption is found ; HjXO , — > lljXO, Ih.XOj HXOj 
IIXO . The halogen and organic compounds may also bo more or 
less regularly litt^ into the comiilctc series. In each grou^ of a 
definite tvpe' the inllueuce of the relative weight of the anion on the 
order of the adsorption is clearly marked in the sense that the 
greater the weight of the anion the more strongly is the substance 
Lsorbed. The adsorption from a mixture of two substances li 
specific for each pair; it is not diree-tly connected with the degree o! 
dissociation, and cannot bo completely explained by the im«ua 
replacement of the substances by one another in the solid phase 
The mutual intluenco of substances on their adsorplmn shows Use 
in the liquid phase in consequence of the change 
of molecules iu tho solution, due to the formation o ^ i 
complex molecules. Two cases have been observed: (D 
increase in the adsorption of both substances, (-) c iaii.,e 
amount of ad.sorptioii of one sulastaiioe in the preseiue o a « 
which is practically not absortiwl at all, for example, ‘he 
neutral .salts on the ailsorption of nroces 

with siniiler ions. The role of the solvent iu the at .wrp 
shows iUelf not only in iU own adsorption, but it is o 
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more important and general nature. The solvent, by virtue of ite 
field of force, acts with the adsorbent in the partition, of the 
adsorbed substance between the solid and liquid phases. This view 
is confirmed from the adsorption from mixed solvents. Here two 
types of curves and adsorption are observed, which show the depend- 
ence of the adsorption on the composition of the binary mixture of 
solvents: (1) the adsorption shows a definite minimum for a fixed 
composition of the solvent; (2) all mixtures of two solvents have 
an' adsorption value which is the mean of that of the components- 
The adsorption processes have a close connexion with the solu- 
bility phenomena, and with some of the facts of chemical kinetics, 
generally with all those processes in which the concentration of the 
undissociated molecule exerts itself and in which the influence of 
neutral salts has been observed. All such phenomena are to be 
regarded as duo to molecular fields of force. J. F. 8. 

Retention of Gases by Solid Substances. I. and II. Ex- 
periments on Carbonyl Chloride. Domexico Lo Movaco 
(.-Irclt. Fo>rm. spf.r. Sc/, (iff., 1920, 29 , 3 — 47). — The preparation, 
properties, and uses of carbonyl chloride are described. The experi- 
ments made show that common materials, such as straw, hay, grass, 
soil, snow, fresh leaves, marine algae, sawdust, charcoal and cotton, 
are capable, especially if moist, of absorbing to some extent the 
asphyxiating gases us^ in warfare. T. H. P. 

Adsorptive Stratification in Gels. IV, Samuel Clement 
Bradford {Biochem. 7,, 1920, 14, 474 — 482). — The fonnation of 
banded precipitates is due to adsorption of solute from the region 
between the bands. Only precipitates with great specific surface 
form bands. This factor is influenced by conditions, such as the 
reaction medium and the presence of ions. By varying its specific 
surface, a given substance may be obtained in a banded form or 
not, as desired ; thus, by increasing the dispersity of silver 
chromate and dichromate, beautiful bauds of both substances may 
be obtained in agar, a medium in which they do not usually form 
bands. J. C. H. 

Surface Tension of Vibrating Li^id Streams Investigated 
with Water and Aqueous Salt Solutions. H. Stocker 
(ZeiUch. ph/fsihtl. Chem., 1920, 94 , 149—180. Compare 
Pedersen, A., 190S, ii, 158). — The surface tension of water 
md of solutions of sodium, pota«:sium, magnesium, calcium, 
:op{>er, zinc and ferrous sulphates, sodium, potassium, ammonium, 
calcium, barium and magiiesiujii chlorides, potassium bromide, 
litrate, chlorate and perchlorate, sodium chlorate, mercurio 
-yanide, ammonia, and sucrose has been determined by measur- 
ing the amplitude of the wave produced when a stream of 
the solution emerges from an oval capillary tube under pressure. 
In the case of water at 18'^ the surface tension for the vibrating 
stream is found to be 72-43±0T5 dyne/cm., whilst the accepted 
Value for stationary water is 72‘94±0T2 dyue/cm. In the case of 
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all the solutions examined except that of ammonia, the surface ten 
sion under these conditions is found to be somewhat greater than 
or in the limiting cases equal to, that of water at the sar 
temperature. 


Method of Determining Several Viscosities Simulta- 
neously. J. Holker (J. Path. Bad., 1920, 23, 177 — 184).— -The 
method of Scaiqia (.4.. 1911, ii, 17) has been modified, and a method 
devised tor determining several viscosities simultaneously. The 
method depends on the measurement of two time®, <, and the 
former occupied in drawing up through a vertical capillary suffi- 
cient liquid to fill a bulb at the top of this tube, and the latter 
taken by the liquid in flowing out of the bulb under its own 
weight. Under constant conditions, the viscosity is then proper, 
tional to + fj). P- 


Application of the Theory of Expansion Tension to the 
Study of DiSusion. I,. Uav (J. Chiyn. ph/sique, 1920, 18, 
103— 125).— A mathematical discussion of tho subject. W, G. 

Factors Afiecting Rhythmic Precipitation. Alfred E. 

Koenio (J. phyfiad 1920, 24, -166- 477),— A number of 

experiments are dosoriherl which show that tho uniformity of the 
bands formed in rhythmic preeijntation is nninlluenced by the 
structure of the gels This non uniform structure may be brought 
about bv keening the gel for some time before the solution is poured 
on it or by pouring the mixture of sodium silicate and add ju.it 
before it sets. The hands of the preeipitate may he modified by the 
presence in the gel of substances such a.s alcohols, carbamide, and 
sucrose, all of which modify the rates of diffusion of the reacting 
substances and the soliihililv of the pr.-cimtalerl products The 
rhythmic bands mav ho hro'^en n|> more or less by the presence in 
the gel of various inert luevders unevenly distributed and by the 
present of small p.artielcs of .«oap. all of wbicli tend to interfere 
with the unif..rm difTiision of the reacting suh.lancee, A senes of 
experiments on tho formation of rhvihmic hands by the interaction 
in narrow tubis of such ga.ses as ammonia with hydrogen chlonde, 
bromide, or flimride, and hydrogen sulphide with chlorine or 
sulphur dioxide h,a.s been descrituxl. and the ^^tionship wif 
iimilar reactions in gels pointed out. In addition to the eilec 
diffusion and the factors that mmlify it, there are alw the eSec* 
of the concentrations iie.-cs.sary for precipitation to J”®”; 
velocity of the reafiion whirh the precipitate ant p - 

of supersatiirati,..! wl i.-h (h.e rcuMng suh.stanco may rwich in 
given medium, htfo.o' prceipilation takes place. 

DIflnsion and Mobility of Cobalt and 

F.lisa!ietii Rosa {'/.„ l>rh ph , Mal . 'J'''"',- ‘j nitrate » 
The diffusion constant. D. for cobalt oh oride and nic 

aqueous and acid solutions J, vahes 

ptevicmsly described (.\., 1917, ii, 286), and the fo 0*^’ 
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obtained atTs®: cobalt chloride, in aqueous solution, 0'0127ii^, 
p=0’669; in O'lMydrochlorio acid solution, O-liV, 0=0-634; in 
OOlJl^-hydrochlorio add solution, O'OLV, O=0'882; nickel nitrate, 
in aqueous solution, O'OBSiV, 0 = 0-802; in 0-liY-nitrio add solutic®, 

0 0413^?, 0 = 0-646; in O-OlALnitric acid solution, O-OlOSif, 0 = 
0-719. In aqueous solution and in dilute acid solution the value of 
0 decreases with decreasing salt concentration, but increases with 
decreasing concentration in the more concentrated add solutiona 
As the solutions become more dilute the value of O approaches a 
limiting value which is the value of the bivalent ion. From these 
values, making use of the formul® «=Z)v/(0-0224r-J9) and 
u=2Z)/0-0224, the mobility of the bivalent ions has been calculated 
and the values Ni=4S-0 and Co=47-7 obtained. J. F. 8. 

Difiusion Eicperiments with Highly Active Saccharase 
Preparations. H. von Eume, A. Hedemcs, and 0, Svanbikg 
(ZdUfh. phi/iiol. Chem., 1920, 110, 190--216). — Diffusion experi- 
ments with different saccharase preparation,! have given velocities 
of diffusion of varying magnitudes, and consequently the calcu- 
lated molecular weights also showed significant variations. The 
authors conclude that the substrate and the products of the enzymic 
action do not diminish (he size of the colloidal particles of the 
saccharase, and the velocity of diffusion at the optimum acidity 
required for the action of the enzyme is not essentially different 
from that in water. S. S. Z. 

Permeability of Thin Fabrics and Films to Hydrogen and 
Helium. J. C. McLen’sas and W. W. Shaver {Phil. Ma^., 1920, 
[vi], 40, 272 — 280; sec Elworthv and Murray, this vol,, ii, 608). — 
The rate of diffusion of hvdrogen throiieh a scries of balloon fabrics 
has been deter.niincd The permeability of soap films of thickness 
corresponding with the reddish-green stage is. for helium, 670 litres 
per sq. m. per day, and for hydrogen 960 litres per sq, m. per day, 
at 20°. The rate of transfusion of helium through soap films is 
0-70 times that for hydrogen through similar films. The diffusion of 
hydrogen through water films filling the intersticte of wet cotton 
fabric is very low. I- I”- 

Anomalous Osmosis of some Solutions of Electrolytes 
with Gold-beater’s Skin Membranes. F. E. Bartell and 
0. E. Madison (J. I'hysicd Chem., 1920, 24, 444-465).— The 
osmotic effects of a number of solutions with gold-beater s skin have 
been e.»arained with the object of ascertaining -whether any parallel- 
ism exists between the observed effects and the potential different 
associated with the same combination. In the case of sucrose it is 
shown that the rate of osmosis is very nearly proportional to the 
concentration of the solution. The direction and the magnitude o 
the flow of solution are, in practically every case, exactly those 
which would be predicted. If the solution side of the membrane 
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is of the samo electrical sign as the capillary liquid layer the recit- 
ing osmosis will be abnormally low or negative, whereas if thwe 
parts of the system are of opposite sign the resulting wmosis will 
be abnormally high. With salts of univalent and bivalent cations 
the snperimposcd effect is found to work in opposition to the normal 
osmosis, -vith the result that the observed rate of osmosis is less 
than normal. With salts of aluminium and thorium the superim- 
posed effect works in conjnnetion with the normal osmosis, and the 
result is an abnormally large osmosis. Increase m conqpntratlon 
causes but slight increase in the osmosis of solutions of univalent 
cations a marked decrease in the osmosis of solutions of bivalent 
cations’ and a decidedly greater increase in the osmosis of solutions ■ 
of tervalent and quadrivalent cations. A logical explanation of the 
facts seems to be that with dilute solutions of univalent and bivalent 
cations, the charges of the membrane against the solution is at all 
times electronegnriYe, which tends to iirorhice an abnormally biv 
o-mosis. In the case of solutions of bivalent cations there is a 
marked tendency to neutralise the negative charge of the mem- 
brane with the result that with more concentrated solutions the 
membrane api'roaches the isoelectric point and osmosis now ap- 
proaches the normal rate. In the ca.se of solutions of tervalent and 
quadrivalent cations, the sign of the membrane is iiositiye, even 
with very dilute solutions; this results in an abnormally large 
positive endosraosis in every case. With two-comiiartment cells, the 
concentrations of the solntions on the two sides of the membrane 
are much more nearly equal than in the mi(-compartment cell. This 
is due to the small initial w.ater volume, with the result that the 
K 1/ F of the membrane system is. in this case, much less than in 
the case of the one-compartment cell. Owing to the smaller poten- 
tial dilTerence between the two faces of the- membrane, the resulting 
osmosis is in .all ca-'Ps more nearly normal. In the rase of soluttons 
of univalent cations, there exists a smaller tendency to negative 
oemosis. wherea.s in the ea,^e of solnlions of multivalent cations such 
as thorium and aluminium, there exists a smaller tendency for ai. 
abnormally great positive osmo-is. In the case of dilute acid the 
tendency is toward an abnormally great positive osmosis. As the 
concentration of the arid is incrc.wd, the sign of the capiUarv 
system is rever.se I. and the osmotic l.'inlcncy passes from abnorma.h 
great positive to norma!, and llici. to ahnormallv small, and traalli 
to negative osmosis. In the case, of so-linm hydroxide a negatne 
tendency persist.s throughout. At the higher concentrations if 
electrical factors of the system arc such that negative osmosis resul.-s 
Porcelain membranes yield similar results with acids and alkalis. 

J. r . b*- 


Thermodynamics of Mixtures. I. ^ 

(Zeil>ch. phvMnl. Ch.m.. 19-20. 94 , .n92 fi'ilt.-A 

paper in which the equilihriuni and revenihility oondi lo 
deduced for purely physical and physicochemical mixtures^ ^ 
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Thermodynamics of Mixtures. II. and III. Makio Basto 
Wagner {Zeitsch. phymkal. Chtm., 1920, 95, 16 — 36, 37 — 61. Com- 
pare preening abstract). — A mathematical paper in which expres- 
sions are developed in connexion with the osmotic pressure of solu- 
tions of any concentration. The volume of mixtures is considered 
as a. function of the volumes of the components and the heat of 
mixture. Four methods of calculating the degree of association 
of anomalous substances are deduced, and expressions for calculating 
the heat of mixing are developed. J. F, S. 


The Solubility of Acraldehyde in Water and of Water 
.n Acraldehyde at DiSerent Temperatures. A. Boctaric(/, 
'jhim. i'hjs., 1929, 18, 126 — 132). — The anthor has measured the 
solubilities of water in acraldehyde and of acraldehyde in water 
over the temperature range - 10'' to -h.50'’. The presence in acralde- 
hyde of such fubitances as quinol or gallic acid, used to stabilise it, 
causes a diminution in the solubility of acraldehyde in water and 
an increase in the solubility of water in acraldehyde. W. G. 


Ionic Radius and Ionic Efficiency. Jacques Loeb (J. gm. 
Phmiol. 1920. 2, 673— 087).— It has been shown previously that 
when solutions of electrolytes are separated from pure water by 
collodion membranes, the ions with the same sign of charge as the 
membrane increase, whilst the ions with the opposite sign of charge 
diminish the rate of dillusion of water from the side of pure water 
to the side of solution, and that the accelerating and depressing 
effects of these ions on the. rate of diffusion of water increase with 
their valencv. Tt is now found that, a,side from the valency a 
second quantity of the ion plays a role in this effect, namely, the 
radius which in a monatomic ion means the distance between the 
ceiilrai positive nucleus and the outermost ring or shell of electrons 
of the ion. In monatomic, univalent anions the radius increases m 
the order Cl<Br<T (being largest in T), f'”' 

valent catiou.s it increases in the order Li<lsa<K<Rb (tang 
largest in Rb). The accelerating as well as the depressing effert o 
the^nions mentioned increases directly with the order of 
of their radius, and the efficiency is greatest in the 
which has the largest radius: the aceekratui^ as well as the depress 
of the itions increases inversely “X 

tude of their radius, lithium with the smallest radius hanng the 

greatest efficiency. This is in.elUgihle rofttiot 

Ictioii of the ions is electrostatic m character m 
due to the electrostatic effect, of the e.xce^ charge of their positive 
micleus, and in the case of anions due to H'e e-x^ Ideus 

captured electron. The electrostatic ° . .c. sreater 

of a cation on the membrane (or any other bodyl wi , ^ 

the smaller the ionic radius of the cation; 

I effect of an excess electron will be the grea er 
itanee from its own positive nucleus. It is sugges 
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may possibly include pdlyatomio, univalent ions (such as NOj, 
etc.) if these .ire replaced by monatomic models in which the radius 
is calculated in such a manner as to give the model the same electio- 
statio effect which the polyatomic ion possesses. These conclusions 
are in harmony with the fact that the efficiency of ions increases 
also with their "valency. It is suggested that these rules oouoerniug 
the influence of the ionic radius can possibly be demonstrated in 
other phenomena, depending on the electrostatic effect of ions. 

,H. W. 

Relationship between the Non-dissociated Part (1-a) of 
Dissolved Salts and the Dielectric Constant < of the Solvent. 

P. Wai.den (Zeitscli. phjsiknl. Chem., 1920, 04, 374 — 404). — Froa 
a consideration of a large amount of experimental data it is shown 
that for a salt in a given solvent the product (1 - a) is constant 
over a ^de rauge of dilution, that is, (1 — o) = const., or (1 -a)= 
const./ = coast. . cl. The uudissocialed portion of the electrolyte 
( 1 - 0 ) is therefore directly proportional to the linear concentration 
cl, or the distance between the molecules in the solution. The con- 
stant (l-o) ;yi; = A’ is practically the same for different typical 
binary salts in every solvent, provided that the electrolytes are 
about equally strong in aqueous solution ; this constant is character- 
istic for the binary salts examined, and Huotuates only slightly 
about a mean value. When the dielectric constant is taken into 
account, a constant value is obtained whicli is fundamental to the 
above-mentioned ctmst.iiit. and this applies to solvents of the meet 
widely differing character; this constant is represented by 
(l-o) . e-yhi -const. ~ 41-5, or (1-a) ~ const. . rl e, that is, in 
different solvents the undissociated portion of the electrolyte is 
almost directly proportional to the linear concentration, rl, anJ 
indirectlv proportional to the dielectric const.ant, e, of the solrent. 

J. F. S. 

Some Thermodynamical Forranlre. rtunoi.r Wroscheicir 
(Zeii.!ch. phy.<iiii!. ('hem , lO'Jii. 94. 739 -702). — A mathematical 
paper in which it i.s shown th.il the vaiiT Holf rem-tion isothermal, 
which is based on the well known osmotic )iressure equation, for 
dilute solutions agamies in its dednetion that for changing con- 
centration the total jires-siire changes in siirh a wav that the partial 
pressure of the solvent remains eonslant. Consequently, the 
isothermal does not refer strictly to constant volume relationships. 
This reaction isotherm, ironi its kinetic derivation, appears to i* 
applicable for constant volume relations, but strictlv it is for 
this pur|ioee only an api>roximation formula. The strictly 
denreloped reaction isotherm of Planck, which is based on tic 
additivity of the volnmn and internal energy of dilute solutions) 
is different from that of van't Ifoff, and le,ads to a different la* 
for osmotic pressure, which ^recs lielter with o,\[K>nrat'nfal 
olmerrations than that of van't Hoff, and therefore is to he pre 
ferred. Th«re is praelicaJly an olijection to this fonnula, fw ■ 



OBKBBAL AND PHrSIOAL CHEMIgIBr. 


U. 590 


oontftina the molecular fraction, and in the case of awociated 
golvente, for example, water, the fraction is nob accurately known. 
The Helmholtz equation, T(d!iAjdr\=M/ + ii, is true, not only 
for constant volume, but also when isothermal processes at various 
temperature* are earned out in such a way that the change in 
volume remains the same. If the same isothermal process at 
different temperatures is carried out in such a way that the change 
in pressure remains exactly the same, the formula ((fii /(ff), = 
+ ^A)IT holds. For complete equilibrium, these 
formute tire not applicable. In this case, the equation d^A jdT— 
'pdiivjdT-y{tiV + Ad)/T is applicable. On the basis of the Nemst 
teorem, a vapour.pressure formula is deduced in which the only 
pproximation made is that the vapour is treated as an ideal gas. 
In the basis of this formula, eijuations are developed for the 
quilibrium constants in ga.s reactions and for the dependence of 
he heat of vaporisation on the temperature, J.^F. 8. 


Relatiooahip between the Electrolytic Dissociation and 
he Dielectric Constant of Solvents. P, Waldex [Zeitsch. 
ihydhai. Chem., 1920, 94, 263— 294).— Making use of ionisation 
lata previously obtained by the author (A., 1906, ii, 149) and by 
)ther investigators^ by means of which it was shown thateVt> = 
»nstant, it is uoiv shown that all these practically equally strong 
islts in many solvents at the same dissociation step a' = B"=coD8t,, 
lud the corresponding dilution, v, completely fulfil the equation 
. ^ = const. The degree of di?.=ociation has the value a'=0'50, 

«" = 0-666, and in the third case, o"'=0'86, the dilation varied; for 
e.'tample, with constant degree of dissociation a’" -OSS, v varied 
between 16 aud 8000 litres. The Ostwald constant. 


A'„=a2/(!-a)s, 

has been calculated for the same degree of dissociation in all 
solvents ; by combining these two equations, the expression 
‘I 7A'„= constant is found for a given a value in all solvents, OT 
the' Ostwald constant, K, = €KoonA., where e is the dieledno 
constant of the solvent. For infimte dilution, e-cr , “-1 00 
const., and A'„ = (0-0054e)3, The dissociation constant for the 
ypieal strong binary salts in any solvent can be calculated by 
iicans of the equation for the condition when a=l-0. The values 
:hiis obtained agree in many cases exactly, and in others very 
aearly, with the experimentally determined values^, ““ 

the same salt, tetrapropylammomuni iodide, the 'f 

from Oil in formamide and hydrogen cyanide to 00000017 m 
benzene and carbon tetrachloride, or approxima^ y in o ra 
100000:1. The cause of the decrease m the Ostwald ™»stan 
srith increasing dissociation is probably to ^ tpbjnT, 

hat in a given solvent this deviation from the law of m^ action 
8 approximately proportional to the concentration o 
■ociated salt, that is, for different a-values, 

)' I . 

ir A,/(l -a) = const,iA^“ Transforming this to different »lvents, 
/VA, ~ const, - 78 . 
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Molecular Condition of Binary Salts in Weakly Ionising 
Solvents. Solvation and Polymerism. P. Walden {Zeitsch. 
physikal. Chem., 1920, 94 , 295— 373).— The author has examined 
the condition of binary salts in weakly ionising solvents by means 
of data previously published by the author himself and others, and 
also certain other fresh data now published. It is shown that 
solvolytic dissociation, as well as polymerisation of the di^olved 
jiiolecules, are common phenomena in non-aqueous solutions. Botli 
phenomena occur simultaneously, particularly in solvents with 
small dielectric constants, or one and the same solvenfcaii •— 


pro- 


Sillall UltMrUL'l II- ws ws.-w -- 

mote a far-reaching solvolysis and a high degree of polymerisation. 
Acetic acid is a solvent which favours jiolymerisation, The highest 
devrce of solvolysis is found in media which are practicallr 
iusmlators, such as naphthalene, benzene, carbon disulphide, anii 
chlorinated hydrocarbons, and consecpiently the solvolytic dissoda 
tion cannot depend on ion formation or ion action. The degree 
of solvolvsis of elilferent salts of a common acid is influenced by 
(<i) the strength of the base in the salt, and (!i) the affinity of the 
indium towards one comjioiieut of the salt, that is, the power of 
the solvent to form molecular compounds with the acid or base of 
the salt. One and the same salt can, according to the solvent, show 
all [xissible degrees of polyuieri.-ation ; the degree of association, 
a, of its molecules can vary between ./ ■ r. and r< I, and here the 
dielectric constant of the .solvent, A, plays the determinating role; 
the degree of as.sociatioii i.s greater the smaller the value of E. 
Quantitatively, it is found for similar degrees of as,socialion 
j. „ in variou.s solvents the dielectric ronstauts of 

whieli’ are P,. A'.. A^, aiid the curresponding dilulions r,, ig, r,. 
that the expression A',;!', .E.ji'r, -i-onstant, holds. When this 
expression is re-forimsl for dilleient degrees of association, the 
veiiera! appro.ximate oxpressinii j .K ’'r -const' 36 is obtained. 
Since these relationships Wtween the degree of depolyinerisatioD 
of salt moleeul.*s and the dielectric (smstant. A', of the solvent are 
exactlv the -ame as those iH-twes-n the electrolyt ie di'.soci.ation of 
the same sail molreules in ionising solvents, it foliow.s that it is 
likely that rl* polvmerisation occur* according to the scheme 
(MeX)., -- MeX ■ MeX. J P ?• 

& o 


Structure of Precipitate*. 9»e» OokN (,Si>e7i,eJ,. Km. 
1}'’0 5 "t ■ from Zffifr . 10-0. iii, Tho 

” . aI_ 1 k isr.a.'iT iLlfi 


. Tiddr.. 

I'/’f) 5, 7,t- S-, ; from 'Arm. /,rn'r.. lUgu, ill, nc.oi. The author 
ha* drawn rom-liision* a* to the stnirtiire of precii states from 
microiusopiral investigation and sletermination of the ''f'"'.” 
selimeiit-ation bv the emtinnon* weighing of the serlimcnt t , 
on a met.al ,.late plaocl at the bottom of the solution, t™ 
sufficientlv -uivrs-alnrated mlution. 
magnitude 1 up -10,. are initiallv 

changed in exceptional cAse*. In CJ» 

are further formed, which »ink rapidly ; tltoe s | 
frcpiently lie di.sintegratesl by agitation. The author 
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the relationship between the amount of precipitate which has 
fallen to the bottom and the time by a series of graphs (accumula- 
tion graphs), and distinguishes types of reversible and irreversible 
■vgregation. The irreversible aggregates grow continuously, whilst 
he reversible ones attain a maximal magnitude for which an 
iggregation period can be found. The influence of the conoentra- 
ion of the electrolyte on the time of aggregation is in harmony 
vith Iho investigation of Westgrcn (this vol., ii, 99). The alter- 
itjon in the time of aggregation with the number of particles was 
nvcstigated for a constaiit electrolyte content at the instance of 
:he precipitation of barium sulphate in the presence of citric acid 
js coagulator, and the results are in agreement with von 
Smoluchowski's coagulation formula (A., 1917, ii, 297). The cause 
of the formation of secondary aggregates lies in capillary and 
adhesion forces, which bring about the coagulation of the colloidal 
iiartioles. The sire of the aggregates increases as the difference in 
ptential between the particles and the liquid diminishes. It has 
been found possible, under [lerfectly definite conditions, to calculate 
the number of primary particles in an aggregate for a suspension 
of barium sulphate with citric acid as electrolyte. Aggregation 
and disaggregation have lieeu investigated with increasing 
additions of this electrolyte. H. W. 


Retardation of Crystallisation in Supersaturated Solu- 
tions. Ernst Courn and A. E. Tit. Moesveld {Heitsch. physikal. 

1920, 94. 482— .104),- -The relationship of the solubility 
of cadiiiium iodide to |)rea*ui'e has been e.xamined at 30“, and the 
relatioiishii) Iwtwceii the volume and concentration found to be 
riven by the expression 1 00433 -0'820924c-b0-016867c . The 
crvstallisatioii of saturated solutions has also been studied, and it 
,s shown that strongly supersaturated solutions may, even m the 
presence of the solid phase, lie caused to crystallise very slowly, in 
consequence of the presence of small quanlite of a third sub- 
stance The saturation coiicciitralion may apparently, and very 
slowlv! be overstepiwl at a given conceutration in the presence of 
a small quantity of a third substance. J. J!. B. 

Symmetry ol the Rontgen Patterns 
)f Systems Composed of Crystalline 
Strncture ol Pseudo-symmetrica Crysto. F, M, Jahoer 

Rontgeu patterns have been obtained by p^iog the rap through 
I , ® t* •* /n-io >«in thicks which crossed one anovner 

pates of The patterns obtained indicate 

at various angles (4o° or bd ). me paiwi lamell® 

that if the central part of a regular comple.x of ciysUlto 

cut perpendicular to a plane of E7 the 

iro^mg^t angles 0=3^-, be radiatrf by 
lorraal diffraction pattern thus obtain^ of the original 

i-fold symmetry, showing, therefore, the i i g Joxtro- 

latter,, repeated « times. The diffraction image of the^dextro 

VOL, oxYin. ii. 
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and Isevo rotatory c(anplexes of this kind are always identical. 
Reproductions of photographs of the patterns obtained are given 
in the paper. J. F. 9. 

Bragg’s Work and the Law o! Befinite Proportions. 

A. Quartaroli {Gazzeifa., 1920, 60, ii, 60—64). — From the 
investigations of Bragg on crystals of sodium chloride aiid 
analogous compounds, diamond, pyrites, etc., it follows that such 
ci’ystals represent a homogeueoiia mixture of atoms distributed 
regularly in space. For instance, in the ca.*^ of iron pyi;it€8, the 
elementary cube has four atoms of iron at alternate corners and 
an atom of sulphur in the interior. An aggregation of such 
cubes has the comi'ositiou Fe,nn)aSj„% which approximates to 
FeS^ when >i is very large, but when n is 50 and the aggregate of 
the order of magnitude of grtumles visible by the ultramicroscope, 
the composition is reprcr^ented by the formula FeS^.^. It ig 
therefor© possiV-le that continuous variations may occur in the 
chemical composition oi micro-crystals in accordance with the 
magnitude of such crystals when deposited ; with pyrites, the 
com}>ositiou might vary from PciS to FeSo. T. H. P, 

The Reversal of the Sign of the Charge of Collodion 
Membranes by Tervaleat Cations. Jacqdes Loeu (/. 
riii/sioL, 1920, 2, Gr)0- - 67l).--Tervalent cations cause a collodion 
membrane covere<l with a protein film to be charged positively, 
whilst they do not produce such an edect on collodion jnembranw 
not possessin? a protein film. The same has been found for the 
reversal of the sign of charge of the membrane by acid. This 
reversal in the sisn of charu'e of the membrane by tervalent cations 
occurs on the alkaline >i<ic of the isoelectric point of the protein 
used, whilst the reversal by acid occurs on the acid side of the 
isoelectric ))oint. The rever.-al seisms to l)e due to, or to l>e accom 
pauied in both cases by. a chemical change in the proteiu. The 
chemical chajigo which oc«-ur< when the hydrogen ions reverie the 
sign of charge of the })roteiii film consists in the fonnation of a 
protein-acid salt. wherei)y the hydrogen ion l)eco«nes part of a 
complex ])rotein catiim. whilst the change which takes place when 
tcrv'aleiit cations reverse the sign of <*harge of the proteiu hhn 
cou-iati in the formation of an insoluble, and therefore sparingly 
or nou-iuuiaable, im tal proteinatc. H. 


A Series of Abnormal Liesegang Stratifications. Ksil 
IIatschi-.k {ltmh>m. rj20, 14, 418 -l-in.—A munkr of suck 
aiinormAiiliw, whirh worp eiu'outitere.i whoiv attempts to obtaifl 
stratification oi calrinm phosphate in gelatin were made, at* 
dtacril;.e<l and illustrated. It is obviously imposdble to attemp 
an explanation of these abnormal results in the present un-ate- 
factory state oi knowledge reganling the normal phenomenoiv 


Application o! Smolnchowski't Equation to t^ Ch^* 
with Time of the Number of Particlea in an j' 

V. C. VON- Aukel (ny.U-«/,Zf«icA, 19 ' 20 . 21 , 465 - 46 .).-At» 
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ing to Smoluoliowski (see A., 1916, ii, 302), the formula deduced 
by him for the Brownian movement is in agreement with the 
observations of Svedberg ('' Existenz der MoiekUle,” 1912, p. 148). 
It is shown that this agreement is not sufficiently close when all 
the deductions of Sm'oluchowski are compared with the experi- 
mental numbers. The differences are probably to be explained by 
the inpompleteness of the series of observations rather than by 
defects in the theory. J. R. P. 


Conductivity Depression and Adsorption by Lyophile 

Colloids. M. PoiisYi (Jiiochem. Zeitsch., 1920, 104, 237—253). 
—The name “ X-effect” is given to the percentage by which the 
electrical conductivity of a mixture of electrolyte and colloidal 
solution falls short of that of the colloid-tree disperse medium of 
the same mixture; the specific i-eltect refers to 1 gram of dis- 
solved colloid. Whereas crystalloids lower the conductivity in the 
same measure as they raise the viscosity of the solvent, colloids 
depress the conductivity far lets than the fluidity; this discrepancy 
indicatee that the ions in colloidal solutions set in motion only 
the disperse medium, and not, to any extent, the colloidal particles. 
The method employed to measure the i-elect consists in leaving 
a parchment thimble containing a colloidal solution immersed in 
a definite quantity of water until the difiusiou reaches a condition 
of equilibrium, and then measuring the electrical ccudnctivitise 
of the colloidal solution remaining inside the thimble and of the 
pure, disperse medium from the outer vessel. The results thus 
obtained with various colloids and electrolytes are given, and 
calculations made of the " non-conducting space,” that is, the ' 
volume per gram of colloid calculated on the assumption that the 
colloidal particles, by their mere presence, diminish the number 
of ions per c.c. and prolong their paths. This assumption almost 
suffices to account for tho magnitudes found for the X-voluzne. 

The swelling of colloidal substances indicates that part of the 
disnefso medium is held by the colloidal particles, and the assump- 

I may bo made that the small amounts by which the non- 
iucting space exceeds the siiecific volume of colloidal substan^, 
ely, 0'8, have their origin in tile increase in size of the colloidal 
ides caused by the aqueous envelop. E.xplanations of the 
reesion of the conductivity of electrolytes by colloids other than 
purely mechanical one appear to be e.xcluded by the following 
irvations; (1) The /.-effect of casein is the same when the casein 
issolved as sodium ca.'einato as when it is !*“ 

coarsely granular, iindissolvetl condition. (2) The X-effeCT is, 
bin wide limits, proportional to the concentration of the M oi . 
s hypothesis a.ssnmes that all the ions in an electroly ^ are 
uenced to the same extent by a colloid, but since Cy^ubai an 
uin-Borkowski (Krat Au:.: 1909, 660) have found that the 
nsprt numbers are altered considerably by the presence of 
loids, the author makes the further assumption that the aquwm 
relops of the colloidal particles are prmeable to varying 

22-2 
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for dillti'ent ioas; this assiunptioii also serves to explain the 
of the colloid on the diffusion potential. 

The adsorption of electrolytes in colloidal solution is also con 
sidered, use being made of the equilibrium dialysis to determine the 
" non-dissolving space," that is, the space taken up by the colloid 
If the specific volume of the colloid is 0-8, positive or negative 
adsorption is shown by the non dissolving space per gram of 
colloidal substance being smaller or larger than 0'8. It has been 
shown thermodynamically that substances which increase for 
diminish! tlie osmotic pressure of colloids are adsorbed positively 
^or negatively) (A,, 1911, ii, T'dO). Since continued diminution Jf 
the osmotic iiressure must lead finally to coagulation, the obvious 
conclusion is that coagulating aiibstancea must lie negatively and 
those which hinder coagulation positively, arlsorbed. This' con. 
elusion requires ex)H'rimental )iroof, but is supported by the fact 
that de.xtrose, which retanls the coagulation of albumin consider- 
ablv, is positively ad: orbed by albumin to a marketl extent. 

T. n’. P. 

Undamped Oscillations derived from the Law of Mass 
Action. .ti.KKKD .1. l,oTK» {J. .liner. CViem. ,S'oc., 1920, 42 
l.a95 1599!. - .\ lliemclical paper in whieb it is shown that in' 

certain circumstance- coiidilion- may lie ohtaiiie<l in an liomo 
geneous sy.steiii for the |)iiHlnction of undajiiiied oscillations in the 
absciiiv of any geoiiiel ideal cause. J, p, g 

Statistical Meaning of the Thermodynamical Functions 

K.vni. F. 11 kii7.fki.1i {'/.tthrh. jih . Chrm.. 1920, 95. 139- -153) 

- .-V iiiatbeiiiatical pajicr in whi'li a miiiilH-r of statistical foriinilj 
are di.-enssed and the ililTereiice ladwiTii the external work aiii 
the .added heat pointed out. The depemleiice of the total enerfv 
on the teiii|n‘ralnre is dUciis-e-.l. Using the same formiil*. lie 
eonditioiis of cliemical ts|iiilibiia and chemical |x>teiitial tor gaseoffi 
ainl dilute -olntioii sysl*’iii- arc developed. The ei|uatioiis delilffid 
ill the la-t ca-e.s are then aiMilieil to the formul.u of von Lanes, 

J. F. S. 

Temperature-coelTicients of the Action of Sacebarase. 

lUss VON Kri.Fii and Inov.vu I..muix (/.ah.-h, jihiiiinl. I'lim. 
1920, 110, ’>5 9_’i, Detcniiiiialioii of the veloidties of iiiver-M 
by saC’hara.-c a! pairs of different teiiiperatiirc,s shows that 
constant .1 of .\rrhf nins's lem)ieratnre fonnnla (this vol., i, iibi 
varies with tin- Iciiipcralnre in aecordance wdth the eqnat™ 

.1 1 1, Idiq 1 - II 0i>9/), which is in agrceiiieiil with the ' 

Kjcldabl Issi:!, 225) and O'Sullivan and Tompson (T, 1^ 

67,834). . , , „fll( 

There is no tlicoretical basis imlicaling the iiidetien(icii« 
coii-taiil .I on the tcm|>eralur« ; ao'ordiiig to Arrhenius (■ ' - 

unit), .1 represriits the heal ehaiige of the reaction, am 
no reason to a“.siiine that this heal change must a'b 
iinleiiendent of the temperature. On the other a 
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Arrheqius temperature formula agrees w^i with the experimental 
results over a wide range of temperature, especiall^ for the 
mverBion of sucrose by acids. On the assumption that tL veU> 
of the euzyimo inveraon of sucrose is proportional to the concern 
traton of the complex molecule, sucrose^Lyme, the tempeXl 

by the followinfSa^t 
tudffl., (1) the influence of the temperature on the eonoentration 
of the ^tive ®syme; (2) the influence of the temperature on he 

r waWi (-»d tL reactivity of 

the wateV) and (3) the alteration of the equilibrium, sucrL- 
enzyme, with ten^rature. The last of these’may be determ^ 

?o,\ “‘1 theory (A 

1913, 1 , 540), according to which [.S'][S-^) = A- U], where fSl is 
the concentration of the free substrate, [£] the total molar con- 
centration of the enzyme, [ij>] the concentration of the combined 
enzyme or of the compound, sucrose-enzyme, and K„ the 
equilibrium JW y 1 

pveu by J=qd']:;qAJ[.S]/([.V|+4 ,„), C' being a proportionality 
factor; influence (J) is expressed in the factor (! and influence f3^ 
in Ky. '' ' 


The authors have measured the values of the constant Z, of 
the e< 5 uihijnum between sucrose and enzyme for the tejuperature 
interval 0 -40® use being made of methods essentially the same 
as that of Michaelis and Mcnteii (/o^. df,). At 25® and for tho 
o])timal acidity the value of /i« is found to be 26, 10'^ 

which remains uiichaiige<l over tlie acidity region ;?,f=3-3,5--5-6u • 
the above authors gave IG.lO-b Three-fold increase of the 
concentration of the enzvme is without influence on the value 
of Ky. 


The equilibriuni constants of the eqniUbrium = 

obtained for the tejnpei\atures I®. 15® 25® and 39®, show that 
the equilibrium is altered approximately by \% per degree rise 
of teTn|>erature ; the value-^ obtained at these temperatures agree 
Weil with those calculated with the help of the heat of dissociation, 
this being found by the equation Q~~HT'-.d\ogh'dT~ 
~[4 o8(Iog A^-log A ,)7’,7’.,] '(T,- T)) to have the mean value 
2000 cals. 


As regards the great difference between the temperature- 
oefficients for enzymic inversion (9400 at 20®) and acid inversion 
25, GOO ab 20°). the rt^ults obtained show that this is not due to 
bnorma] alteration of the equilibrium enzyme; sucrose, but that 
can d6|)end only on iiicreasc in concentration of the eompound, 
icrose-acid, as the (e!nj)eraturo rises. T. H. P. 


Eater Formation in Absolute Ethyl Alcohol. Heinrich 
oldschmidt, J. Anderson. M. Fejgl, G. Gorbitz, J. Schjerve, 

• SvENDSEN, A. ThUESEN. 0. GUBY, atld P. WeAzV [Zdtsch. 
ddhal, Chem., 1920, 94, 233— 253).--Th6 rate of esterification 
^€tic acid in absolute alcohol has l>eeu detemiiued with tri- 
Wobutyric, trichloroacetic, jtievir, hydrochloric, and sulpho- 
^i«ylic acids as catalysts. Similar exijerimeuts with the same 
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catalysts have been carried out for the rate of esteriOcation of 
propionic, «-butyrio, fsobntyrio, fl-valerio, isovaleric, pivalic 
heptoic, phenylaoetic, phenylpropionic, and glyrollic acids. The 
results in all cases show that the rate of estOTfioatiou is satis, 
factorily represented by the formula h = c{/fjy + K',(l -y)]. Ths 
results also show that both the ions and the undissociated add act 
catalytically. The velocity-constant for the undissociated portion 
of the catalyst, A’m is in general the greater the greater the affinitv. 
constant of the catalyst. The relationship of the velocHy- 
coustant of the reaction catalysed by the Hydrogen ions,* to ig 
in general, for the different acids with one and the same catalyst, 
not constant. The relationship in the case of hydrochloric 

acid as catalyst is not eeiual to unity, but considerably greater, in 
all cases investigated. For calculating the present results, the 
degree of dissociation of picric acid was neocssary. This has heen 
obtained from electro conductivity determinations of aniline picrate 
in alcohol solution. The value =49 is obtained. The value.c 
of K„ and K,, arc given for all cases examined. J. F. 


Formation and Hydrolysis of Lactones. A. Kriu; 
(2eifs*cA. p/ivsil'u/. Chfm., 19d0. 94. Ill — 128). — A theoretica 
paper in which the experimental results of P. Henry (A., 1392 
ii, 1303) on the rate of formation of the lactones of y-hydroxr 
butvric add and y-hydroxyvaleric acid have been recalculaW 
It is shown that, in the above-named reactions in aqueous solutioi 
with strong aeiils a-; catalysts, the catalytic action of the iijidis 
sociated add, if it is present at all. is in any case much smallei 
than that of the hydrogen ion. The velos-ity-coefficients have heci 
ealcnlated for the experiments of Johansson anil Selielius (A,, 
1918, ii, 223) on the. hvdrolysis of y-butyro!actone and y-valero' 
laetone with nitric acid .as catalyst, and it. is shown that here ak 
the veloeitv of the reaction is proportional to the concentration of 
the hydrogen ion rather than to that o! the total add. Tli 
demands of the theorv. that, starting from either the hydroiy 
acids or the lactones, the same value miisl l>e oblaintxl for tin 
.sum of the condants 6f the velocity of hydrolysis or lactone fora- 
ation, are fnlfillcl within the jinssible experimental error. Tb 
apparent roiitrailiction. furni.sheil by Henry's results on laclow 
formation with acetic acid as eataly.st and also without catalyst, 
to the hypothesis o! a pure hydrogen-ion catalysis can le, to > 
large extent, brought into lino with this hypothesis by the Kswp- 
tion that most of the proliiets used by Henry contained siMl 
amounta of silver salts from Ihoir preparation. This leaves onto 
consideration the action of the undissociated molecule, d 

• X 1/ . 1 * • 

exist*. 


QuanUtative Kinetic Analysis in 
Reactions. L. tfniTii (ZfUsch.phpxM. Cficm., ® -J, 

- -The kinetics of reactions of mixtures are dwissed 
with the ot.ject of dflueing methods by which the eo^* 
a mixture of two allied and difficultly separable substancci 
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I» from the velocity-conrtaot of a roActioo carried out 

wifch the mixture and a given reagent, such as the rate of hydro- 
lysis of a imture of esters with alkali hydroxide. Two methods 
are elaWated, the first, a graphic method which is applicable when 
the rea^ion-cousUnte of the pure components, as well as that of 
the imxture, are al] known, and the second, a mathematical method 
applicable when the reaction-oonsUnts for the mixture and one 
oomponent are known, and when one of the components reacts 
much more rapidly than the other. The methods are applied to 
the rerfotion of banmn hydroxide on mixtures of o- and ^-glyceryl 
ohlorohydrin and to the hydrolysis of a mixture of ethyl butyrate 
and aoetate by the same reagent. The results show the value and 
trustworthy character of both methods. J. p. s. 


Ageing of Colloidal Catalysts (Platinum, Palladium). 
Gregorio de Roca.solano (Cmpt. rend.., I9‘i0, 171, 301—303).— 
The caUlytia activity of eleotroaols of platinum and hydrosols’of 
palladium increases at first with age until it reaches a maximum, 
and then decrea.’^es. G. 

Influence of the Substrate Concentration on the Rate 
of Hydrolysis of Proteins by Pepsin, .lonx H. Northrop 
(.7. gen. PAyW., 1920, 2, oO-v -OU).— It is pointed out that the 
apparent exoe{)tions to the law of mass action found in enzyme 
regions are also encountered In catalytic actions in strictly homo- 
geneous solutions. These deviations may be explained by the 
hypothesis that the active mass of the reacting substances is not 
directly proportional to the total concentration of substance taken. 
In support of this suggestion, it is shown that for any given con- 
ceutration of pepsin the relative rate of digestion of concentrated 
and of dilute protein solutions is always the same. If the rate of 
digestion depended on the saturation of the surface of the enzyme 
by substrate, the relative rate of digestion of concentrated protein 
solutions should increase more rapidly with the concentration of 
enzyme than that of dilute solutions. This U found not to be 
true, even when the enzyme could not be considered saturated in 
the dilute protein solutions. 

The rate of digestion and the conductivity of egg-albumin solu' 
tions of different concentration are found to l)e approximately 
proportional at the same This agrees with the hypothesis 
first expressed by Pauli, that the ionised protein is largely or 
entirely the fonn which is attacked by the enzyme. The rate of 
digestion is diminishetl by a very large increase in the viscosity 
of the protein solution; this effect is probably mechanical in 
nature and due to the retardation of the diffusion of the enzyme. 

H. W. 


Catalysis with Platinum Black. II. E. Oliver i-Masdai.V 
(Gazzetta, 1920, 50, ii, 81—89, Compare A., 1916, ii, 615).— 
According to Traubes hypoth^is, the function of platinum black 
in the caUlysis of hydrogen peroxide is represented by the equa- 
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tions: »Pt+,¥HA=P'^0, + yHjO and Pt.O, + yHA=^H 
»H,0 + vO». This hypothesis scarcely seems capable ot extension 
ito the catalyses of ammonium nitrite, azounide, hydroi^l^ine, 
and hydrazine, represented by the respective^uatimis ^jN 02 = 
2H,0 + N„ 3N3H = 4N,+ NH5, 4NHs0 = 2 NH 3 +No 0 + 3H20, and 
2 N^H, = 2 NH 3 + N, + Ho, especially when the absence ot oxygen 
from azoimide and hydrazine is considered. It may be that the 
catalyst reacts with water, forming a platinum oxide and hydrogen, 
catelytio oxidations and reductions being thus rendered p_c^ible. 
In this way, it is possible to explain the different steps m the 
three different catalytic decom|)ositions of hydrazine, lively, 
(1) 2 N,H, = 2 NH 3 +H,.+ N.,, (2) 3N2H, = N, + 4NH3, and (.3) 

3N2H4 = m+2NH3 + 3H,. , , 

A aimilar'explanation may be given for the catalysis of hydroxyl- 
amine by platinum black (Tanatar. A., 1902, ii, 386 49o) The 
equation "iven above indicates a reaction of the fourth order for 
this decomposition, but the author's study of the velocity shows 
that th« reaction is of the first order, aiul that it is the result of 

a number of simple reactions. • • i zr. i r, mn. 

The mechanisms of the catalyses of azoiiiiule (f ooke. P,. 1903, 
213) and ammonium nitrite (Voiidrai'ek, A., 1901. ii. 3W) are also 
discussed. 

Catalytic Actions at SoUd Surfaces. V. Rate of Change 
Conditioned by a Nickel Catalyst and its Bearing on the 
Law of Mass Action. E. F. Armstrosh and r. 1 . Hilditcb 
iProc. Sou. Soc., 19-20. [, 1 ]. 98 . 27 -10. ( ompare this vol 

ii 4*^^ 4*^3) The curves rcprf'^ciitiiii; the lu^thyl 

cinn‘a^at'e, anethole, and s.afrole at IKP and 13(l’ in the presei™ 
of nickel have a form for CO ot their length 

K=vlt which indicates complete hydrogenation. In the rase oi 
,',oeugenol and coumarin, the hydrogenation riirves ^ ‘rai.M^ 

tion from a linear to a logarithmic curve. In the caye »l ethil 
cinnamate, instead of pa-s-ing a roiitiiinoiis stream of lydnigeii 
over the catalyst, the tnlx- w.is close,! at one end; iiiidrr these 
conditions, the'resiilt.s show: (i, with increasing purity o, lijjogeii, 
the ratio v 't approaches the constancy characteristic ot hi Iroge 

by I't, increase, the aliyolnte^vabie ol^ the constant, 

falls, that is. the rati'It wh^ gas ^^e 

impurity is smaller the p.irer the jo.., 

curve of linseed oil .shows an 'X hvdrocen.i'i»" 

of the whole curve, which rorre^oom s with the vur , 

all the linolenin and most of the tiiiolein . .a , ]j ,^ 3 r curve 

tiien seU in, and this is f,dlowe<l by an •^IT'-- out wilt 

at a much lower slope. These expenmen . ^ 

200, 300, and 400 grams of ml, and of 9 1, 
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nickel. They show: (i) that the factor vft depends on the mass 
of nickel present, (ii) the impurities in the (ril gradually affect 
the catalyst, and (iii) with the smaller quantity of nickel the rates 
are practically the same for quantities of 200 and 300 grams of 
oil, but with 400 grams the linear portion of the curve is shortened, 
owing to the increased effect of the impurity. 

It is shown that the hypothesis of unstable intermediate com- 
pounds between catalyst and reacting substances offers a reasonable 
explanation of the mechanism of so-called ” heterogeneous 
catalytic actions, and in particular for reactions of the types; 

(i) Action of enzymes on sugar derivatives in aqueous solution. 

(ii) The Sabatier catalyses of organic compounds in the presence 
of finely divided metals or metallic oxides, including hydrogenation 
and d^ydrogenation, hydration and ddiydration, formation of 
ethers and ketones, the specific action of finely divided metals on 
the vapours of aliphatic acids, and the combined dehydration and 
condensation processes effected by certain metallic oxides, leading 
to the production of ethers, amines, mercaplans, and esters from 
alcohols and phenols, (iii) The interaction of carbon monoxide 
and steam conditioned by various solid substances. J. F. S. 

Catalytic Activity of Copper. I. W. G. Palmer (Proc. 
Ro>j. Soc.i 1920, [.I], 98, 13 — 26). --The mechanism of the 
catalytic oxidation of ethyl alcohol and fsopropyl alcohol by 
metallic copper has been studied at temperatures up to 320®. • It 
is .shown that in no circumstauoes, even when the copper is alloyed 
with zinc, does electrolytic copper exert any influence on either of 
these alcohols. The oxidation is effected by copper produced by 
the reduction of copper oxide. The reaction has been carried out 
ill such a way that the rale is automatically registered by the 
liberated hydrogen. In the present case, the initial period of the 
reaction alone has been considered. The experimental facts are 
best interpreted by a.«suming that alcohol is selectively adsorbed 
by copper from a mixture of alcohol and aldehyde vapours, so that 
during dehydrogenation the surface of the copper is covered by a 
layer of alcohol molecule.^, and adsorption and consequent destruc- 
tion of the aldehyde preventeil. If it be supposed that dehydro- 
genation of alcohol involves three stages, (i) adsorption of alcohol 
molecules over tlie surface of the copper, (ii) activation of certain 
jalcohol molecules by absorption of energy, and (iii) evaporation of 
acetaldehyde and hydrogen from the adsorption surface into the 
alcohol stream ilowing past the catalyst, then the process bears a 
close physical analogy to the escape of ions from a heated solid. 

J. F. S. 

Conditions of Stability of Atoms. FIilix Joachim db 

iVisNiEwsKi (.-IrcA. Sci. phifs. not., 1920, [v], 2, 301 SOS),-— A 
nathematical ]>aj>er in which the stability of atoms of the 
ype is derived from the a.ssumption that the electrical potential 
nergy of the atom h a positive function. J- 
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Constitution and Conflation f* 

Kohlweiler {Zeitsch. phydkal. Chem., 1920, 9 , 11, 

A theoretical paper in which the views * 

author on the constitution and configuration 
1918 ii 286 304; 1919, ii, 21) are extended and modifi^ with 
the obiwt of’ making the hypothesis include all the dements, par- 
ticularly those of. the rare earths. On the basis ^ the present 
hypothesis, a spatial representation of the periodic system la 
developed which arranges the elements according to a cascade 
system^ which the steps from one plane to the next are occupy 
respectively by cobalt and nickel, rhodium and palladium, the 
metals of the rare earths, and iridium and platinum. J. i. b. 

Structure of the Atomic Nucleus. E. Gsbbckk (Siizungsber, 

HeUMhenjer .IW. ir«.s.. 

pp 19; from Chfiti. Zaitr., 1920, ni, 169 170).— In com 
tinuatioii of the mmlels develoiied previously for the lithium, 
vlucinum, boron, and carbon atoms (this voh, ii, 241) the 
author now puts forward structures for the atomic nuclei of 
the other elements to the end of the periodic scheme. The 
fundamental hyiiothesis is that the atomic nuclei of the higher 
elements are merely repetitions of those of a lower horizoutal 
series of the iutUkUc system, with the (liflcreiice that the micleiii 
i, surrounded bv a ring of a-particles. Thus, for example, the 
atomic nucleus of sodium is identical with a lithinm nucleic 
Siin-ounderl hv a ring comi>ose<l of four o-iiarticles, whilst, similarly, 
the pota.s.iii'm nucleus is identical with a sotimm imclei.s 
surroumlesl bv a ring of four o-particles. Isotopes are possiHe 
for several atoms which differ from one another by an a-paiticle 
ill the ring enclosing the central nucleus The mmiber of 
o particle rinos is considerable in the ea.se of the higher elements 
Every element wonhl thus appear as a compound of a primil 
element H', ami electron, arranged according to a systematif 
and not too con.i.licated plan. Order is thus introduced into ttif 
relationship iietween atomic weight and atomic number am, 
explanations are (mind for a lengthy senes of emp.nca oteeru- 
tions. such a.s the chemical sumlarity of the rare earths, the spaces 
in the j>eriodic system, etc. 

Atomic Weights and Atomic Numbers. S’-ephex Mull 
(CA'»., n Iml.. 1920. 4, 1*^9 192).- If graphs are 
the ordinates repre.seiit atomic weights and the abscissa the 
nntnliers, that is. the |««tions of the ’ p of 

system, the series form nearly i.arallel curves. 
elements helium to- nickel, and copper to tungsten, the cun . 

to uranium by 3r^n, The lack ' hT 1 1« 

weights and the projierlies of elements is assn ^ ,i, "aclivT 

the factor which is known as the ‘•inert ‘ ‘Zt, ani 

weight” of the atom delenninee the t^leucy of . ^oforu 
not neoessarily its chemical activity. Hydrogen does not <» 
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to fch© ©quation it may be represented by y—x or 

y—^x->r\, but probably it© atom contains no inert weight. 

The graphs indicate that 2-5 unite of the atomic weight are 
normally active, whilst one unit may be chejnically inactive. 
Assuming the atoms to consist of particles equal to 0'5 of unity, 
it is probable that one particle is active, and that two particles 
may be either active or inactive. The equation + a repre- 

sents thejAtomio weights of all the elements, r, being the atomic 
number and a a small whole number, the properties of the elements 
being independent of a. W. J. W. 

Periodic System of the Elements in the Light of the 
Theory of Radioactive Degradation. F. Kircuhofp [Zeitsch. 
physik^. Chem., 1920, 94 , 2.57 — 262). — A theoretical paper in 
which the position in the periodic system and the possible genesis 
of the elements are considered in the light of the known facts of 
radioactive degradation. It i.s .shown that the atomic weights. A, of 
the more stable element.s, which are functions of the atomic 
number, M, and I, the numljer of nucleus electrons, in that 
A =2(A^+l)i are periodic functions of /. since in certain parts of 
the periodic system A remains practically constant, and then 
commences to change regularly, and tlii.s reappears periodically. 

J. F. S. 


Deduction of the Smoluchowski Formula ’ of Spatial 
artition of Particles in a Kinetic Field. It. Lobbnz and 
7. Eitel (Zfit^ch. pkynhah Chem., 1920, 94, 254 — 255. Com- 
are A., 1914, ii, 451). — A correction of an intermediate stage in 
ie deduction of the Smoluchowski formula previously published 
1(W. at.). J- 


Metastability of the Elements and Compounds as a 
lottsequence of Enantiotropy or Monotropy. I. Eesst 
loHEN and A. L. Th. Moesvet.d (Xfit.vh. physilal. Chem., 1920, 
14, 450—464. Compare A., 1916. ii, 183).— A thwretical paper 
ti which reasons for the failure of other workers in reproducing 
he authors’ previous work on metastable varietie.s of metals are 
numerated. It is also pointed out that metastable varieties of 
lements and compounds are of much more frequent occiirreuTO 
ban has been generally believed. A general discusaon of 
onditious under which such motastable varieties may be obtained 
6 entered into, and particular stress is laid on the influence of 

i ute traces of impuritiee. 

. Method for the Experimental Proof of the Molecular 
jory and the Avogadro-Losebmidt Number. A. vos Szest- 
iegvi (Zeitsch. physikal. Chem., 1920, 95, 247— 2o0). A 
■hod is indicated by which the Avogadro number may ex 
mentally determined. The method consists in adding to an 
•unin auspension of known content various solutions o 
oeaitrafcioQ of aluminium diloride, and examining tee ge 
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on the particles. When exactly the correct quantity of aluminium 
chloride has been added^ so that the particles all cJiange the cata- 
phoresis from positive to negative, it is possible to csalculate the 
Avogadro number on the assumption, which is substantiated, that 
one ion discharges one albujuiu particle. J. F. S. 

Nature of the Chemical Bond ; an Attempt to Find a 
Common Cause for the Conceptions ; Auxiliary Valency 
and Molecular Bond. F. Hoohedeb {Zeitsch, ))hijsik(iL Chim. 
1920, 94, 129 — 148). — A theoretical paper in which an hypothesis 
is put forward to explain the origin of subsidiary valencies and 
at the same time, to account for the formation of double com*, 
pounds, complexes, and hydrates. It is a'^sumed, in keeping with 
Bohr’s hypothesis, that the ordinary chemical bond is due to an 
oscillating electron between the two atoms concerned; this is 
regarded as an electric current tlowiiig in a close circuit in which 
the atoms concerned lie. When two such circuits lie parallel |o 
one another, there will naturally l>c an attraction set up between 
them, and this inndd well l>e powerful enough to hold the two 
compounds together, that i.s a molecular compound would be 
forme-l. For such a (snupouml to be stable, it is nece.ssary that 
the !>onds in the individual conq)omuls should he parallel, and that 
the cuiTtat in each ilowing at the same rate and in the same direc- 
tion, that is, the pcricHliciiy of the electron oscillation is the sain 
in 1-oth ca^es. The liypothesis is illustrated in connexion with 
nufnl>er of well known double compounds, ami it is discussed i: 
connexion with Werner's co-ordination theory. As will be yeeii 
a new lv{>e of spatial structure is involved in this hvpothesi-. 

J. F. 


Negative Valencies. D. Stkomhoim {Zeit^ch. nnurrj. Chm. 
I92n. Ill, 297- *2-12).- .\ theoretical |>aper in which the valeiiciei 
of negative elements are con^hlered. It is pointed out that when 
a negative element forms compounds in which it acts with different 
valencies, lhi>-»* always ilifTer by two. that is, the valencies d 
negative elements an* always saturateii in pairs. This to be 
explained f»y a,--uming that in the negative elements the valency 
ele*.'lrt)iis are grouped togeth^'r in pairs. Tho valency figure of 5 
which the negative valencies is therefore to be regarded 


as made up of four pairs of electrons, which constitute a wm- 
jiU’tcly sv-tem. This i- governed hy the tetrahedr^ 

symmetry, and the stere<M-hemical data show that, in the ca.'e oi 
those eh'mcnt.s whieh can enter into nsml illation hy their 
valencies, the '^viunedrv relationdiips are doteriniiied hy t * 
tetrahedron, ^ 


Chemical Concepts of, the Ancient Orientals. 1 ■ 

CitK.N iS-'rnrr- \rin,in\, 1920, 4, 262 28 1 ). -Chemical 
in ancient China serms to have attained a rank com])ara'^ 
*hat reached in Kgvpt, The four elements, earth, fire. 
foniierl the ha-ris of a later chemical philosophy, 
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developed quite independently of tie Occident. Theories were 
developed similar to those of Aristotle and of the earlier iatro- 
chemists. The Orient also produced a system of iatro-chemistry 
founded on the “Ben Tsao" written in 2838 n.c. This medical 
chemistry ceased its development from about 1200 a.d. 

Chemical Ahsteacts. 

An. American Edition o! the Elementary Treatise oi 
Chemistry by Lavoisier, published at Philadelphia in 1799. 
GSaHAM_ Lusk and Jean Le Goef {Bull. Hoc. uliim., 1920, [iv], 
27, 667—673). — A brief description of the various French editions 
of Lavoisier’s work, and the subsequent English, Spanish, Italian, 
and Dutch trauslations, ti^ether with an account of an edition 
published in Philadelphia in 1799. W. G. 

Improved Form of U-Tobe. F,. R. Dovev {Analyst, 1920, 
46, 333). — The two limbs of the U-tnbe are brought together so 
that the rims at the top are in contact; the bend at the bottom 
of the tulie is constrict^, and a perforated Gooch disk is placed 
at the bottom of each limb. W. P. S. 

Extraction Apparatus with Vapour Stirring. P. Waentig 

{Text. Fursi-h., 1920, 2, 61—62; Chem. App., 1920, 7, 92—93; 
from Chem. Zentr.. 1920, iv, 265).--In order to allow the vapours 
of the boiling liquid to enter the e.vtraclion space, and thus to 
utilise their latent heat in the Soxhlel apparatus, the lower tube 
of the latter is sunk so deeply into the liquid in the boiling flask 
that its open end liecomes clear of the surface of the liquid only 
when the extraction tube is filled almost to the level of the top 
of the syphon tnlie. To allow the vapour from the boiling liquid 
to pa.S5 into the syphon tube, the latter is somewhat lengthened, and 
terminatea just above the level of the boiling liquid in the flask. 

H. W. 

Air-oven Thermo-regulator. H. M. Atkinson (J. 3oc. Chem. 
hut., 1920, 39. 298t).--.4 cylindrical float, loaded slightly with 
mercury and having its upper cud in the form of a capillary, is 
contained in one limb of a U-tube filled partly with mercury. 
The capillary extends upwards into a tube passing through the 
cork closing this limb of the U-tube. the shoulder of the float and 
the end of the tul>e being ground to form a gas-tight joint when 
the float rises. The gas enters through a side-tube above the 
mercury-level, paa-cs lietween the neck of the float and the tube, 
then into the latter and thence to the burner. The other limb 
of the U-tube connects with a bulb in the oven. When the float 
rises and nits off the gas supply, a small quantity of gas is allowed 
to pass through a hole in the .side of the float and escapes through 
the capillary to the burner, the capillary thus acting a.s a by-pass. 

^ ^ ' W. P. s. 
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Preparation ol Amraonia-lree Water. Gerald C. Bakbr 
(J. hul. Kill/. aiie„i., 19M, 12, 798—799).— Water free from 
ammonia may lie ohtained by passing distilled water through 
a moderately deep layer of permutite {a complex hydrated Kidiuiii 
aluminium silicate); a layer 30 cm. deep and 20 cm. in diameter 
will remove the ammonia from 450 litres of water. Thd activity 
of the permutite may be regenerated by treatment with 10% sodium 
cliloride solution. The disadvantage of the method is that it gives 
a water of higher mineral content. W. P. g. 

Rate of Decomposition of Hydrogen Peroxide in the 
Presence of Iron Ions. Josbvii vox Bkhtalas (ZeiMi 
jilii/silciil. Vlieiik, 192t), 95, 3-8 — 3-18).— The rate of decomposition' 
of hydrogen iieroxiUo at Ut- has lieen determined in the presence 
of ferrous sulphate or ferric sulphate and a little free sulphuric 
acid (O'Ol.l/l. 'ITte reaction occurs in all cases as a ty])ical miiiuole 
cular catalytic pna-ess. The velocity of reaction in acid solutions 
and in the picseiice <;( ciihcr ftnons or ferrio ions is directly pro- 
portional to the collet nt ration ot the hydrogen jieroxide and that 
o:' the iron ions, and inversely proportional to the hydrogen-ion 
I oncentration or the c'.ii'a'titratiou of the free acid. The velocity of 
the reaction i.s euiirely independent of the state of oxidation of the 
iron ions, and the catalytic action tleponds on the. total amount ot 
iron present, no matter what its slate of ojjidation. The tempers- 
turc-coelhcient of the reaction is 3 2.') for 10°. J. F. S, 

Solubility of Halogens in tho Corresponding Hydracid 
and Alkali Salts. II. K. oi.n wii .M ixn.ii.v ((iuric/bi, 1920, 5[ 
ii, 89 9'^. See thi; vi-’.. ii. .'ilt'i. The solubilities of chlorine i 
sudiuin chloride solutions ami hydroiihloi'ic arid, and that o 
bromine in h’. dnsn-hui-' and hvdrobroniic acids, have beei 
measured. 

The results counrm the observation tbal the solubility of chlorim 
is greater in hydrochloric arid Iban in water, whereas the presence 
of sodium chloride diminishes the solubility in water by amoiinte 
increasing with tic* proportion of salt present. The coefficient of 
solubility of the chlorine dimini.shea as the nmeentration of sodium 
chloride increases, hut tiie expression (o' - a) ’.l/l gives constant 
values, a’ and o rcprcseniing the oi.efiicieut of ahsorjiUoti of chlonne 
in water and sixlium chloride solution respectively, and ,1/ the wn- 
eentration oi the .salt in gram-inols. jier litre of solvent Thiserapin- 
cal formula has been veritied (Gordon, A., 1896, ii. 154) forte 
solubility of indiRercnt gases in aqueous solutions of electrol.v)®- 
so that chlorine behaves differently from the other ballpens, v )e 
exhibit alr.icst the satnc solubility in solutions of the correspon tnf 
hydracids and in those of the alitaii saltA 
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Action ol Light on Moiat Chlorine. Ebkst BadeB [ZeiUoh 
jihyiikal. Chem., 1920, 96, 378 — 383). — TTsing the ultra-microsoopii 
method, the reaction between chlorine and hydrogen has beet 
stndied. It is found that when moist chlorine is illuminated ar 
• induction period is set up which varies between 1/100 anc 
30 secs., after which a line fog is produced which rapidly formi 
drops. On removing the light the particles become smaller, anc 
eventually disappear. The same effect is observed when the chlorini 
is ionised by a spark from an induction coil or by the light from ! 
Tesla transformer. Hadiation from polonium or radium bromidi 
has the same effect, but much weaker. J. F. S. 


Concentration of the Lighter laotope of Iodine. Eui: 
Koelweiieb {Zeittch. phyakal. Clirn., 1920, 95. 95—125). — In ai 
earlier paper (this vol., ii, 610) the author has shown that in al 
probability five isotopes of iodine exist which have atomic weight 
122,' 124, 126, 128, 130, depending on their origin. This involve 
differences varying between — 3'88% and t 2'43% from the meai 
value, 126'92, of the atomic weight. Vapour density determination 
have been carried out by the Dumas method with iodine which ha 
been twice sublimed, thrice sublimed, recr)’stallised from carbo) 
disulphide, separated by diffusion, and fractionated. Ten experi 
ments with twice sublimed iodine give an atomic weight which ha 
a mean divergence of 2 04% from the accepted value; eight experi 
menta with fractionated iodine give a mean divergence of l'33/< 
Of twenty-seven experiments, not one gives atomic weights whio 
are equal to or less than the accepted value. The lowrat v^u 
obtained for the atomic weight is 128-22. An apparatus is describe 
by means of which a possible separation of the isotope may be 
brought about by diffusion. J . h . b. 


Preparation of Iodic Acid and its Anhydride. Abihue 
B. Lakb, WiLtuu C. Baav, and Walter J. Geldarb {J. Aimr 
Chem Soc., 1920 , 42, 1636-164a),-A simple and rapid method 
has been developed for the preparation of i^me ^ 

depends on the oxidation of iodine to lod.c amd by 
24-26% chloric add solution, the evaporation of the “d 

he dehydration of the iodic acid. The pri^ucl is P'”"® ’ 

.as pralically l00% of the Iris 

ible impurities except traces of water 

lecidedly more stable towards heat ‘ Ju^ 

irily prepared, and, therefore, has deoded 
;he aimlysis of small quantities of carbon ^ 

yield of pentoxide is almost theoretic!. In 
"--s (3|) of chloric add is i 1 


excess (3%) of chloric acid is usea ; tu.» 

of the hydrochloric add formed during eoxi P,- 

otherwise would reduce the iodic aad dunug P 

this small excess of chloric acid is use ■ + CU. The 

tiou is eixpreesed by the equation I, ■r -' s 

mechanism of this reaction undoubtedly does not correspond wi 
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a direct replacement of chlorine by lotline. The chloric acid solution 
is made by the direct action of sulphuric amd on banum cWorate 
solution. There is no deoomiiosition of the chloric acid, and the 
only loss is the small amount of solution absorbed by barium 
sulphate. This method of preparation presents no diffiraltiea on- 
the manufacturing scale. ■ ® 

Colloidal Sulphur. Paul Barv (Compi. -I'cnd., 1920, 171, 

433 435 ) — Colloidal sulphur in the form of a limpid liquid is. a 

hvdrophile colloid, capable of absorbing water. This absotptioii is 
favoured by the presence in solution of small amounts of salts of 
univalent metals, whilst it is prevented hy the action of salts of 
bivalent metals. Such colloidal siiliihur is not pure sulphur, but a 
compound containing sulphur in a highly polymerised state. The 
comimunds are easily dissociable, and only e-vist in aqueous mednini 
in the presence of substances which limit their decomposition 
When the swelling of the grannies, due to the absorption of water, 
becomes small, the granules lose their transparency and Ihe^liqiiid 
becomes milky and loses its stability. W. G. 

Points of Mixtures of Sulphuric and Nitric 
Acids. W. C. Holmss (/. Ind. Eikj. Chem., 19 20, 12 , 781—783), 
—The freezing noints of mixtures of sul]>hiiric and nitric acids con- 
taining 0 to o0»; of the latter were dclcrmineci in test-tubes im- 
mersed in an insulated bath of ether ami carbon dioxide snow, ami 
the results plotted as cur\-ea. In the c.ase of mixtures with a total 
acidity of 100% the freezing point reached a minimum (-18i!=l 
when 5'4% of nitric acitl was present , ami a maNinium ( - - .i ') with 
10'8% of nitric acid. The curve cli«e!y resembled lhal of .siilpluiric 
acid 'and water, which reach*-.! a minimum ( - li-l'-') with 81’, of 
water, and a maximum ( - with l.Vo -., of water. It ii probaMf 
that at the maximum point m the iiitrie acid mixtures a dchniif 
compound .oH.SO^.IlNO,. is present, whilst the minimum point 
coincides with" a compound of the api>n>xiiiiate composition 
sn.so IHN'O,. in the tietcnninatioiis w-illi mixtures of n lolal 
acidity of 95% the freezing point fell to irO= with of mtm 

acid, then rose to - IMF ndtli 9 75%, ami fell again to ll'S- witt 
49 09%. With mixtures of a total aadity of the miiiiiirain 
(-12-3°) was reache*! with 8-15% of nitric a<hd and the nia.'uniuiii 
( !- l()-5°) with 1.5-.52%. The la.st two series of results were ™iii|ili- 
cated by the presence of water and sulphur trioxide ^ 

Vaponr-prMSuro Curves of Solid and Liquid 
newV. Iddtiag Point. 1*. E. Douu (/. .I»,rr. 

1920, 42, 1.579-159-1). The subhinalioii curve for 
selenium (hexagonal) has l«-en determined over '’>? ^"1 
range 190 21.5’ by the metho,! of - '.f vine,® 

method data for the vapon.satum curve for „ tatst 

amorphous -ielenium havr been ohtainetl lAor the ] 
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220—235°. The relation between vapour pressure and temperature 
for selenium over the temperature range considered and on the 
basis of a diatomic vapour may be expressed by a simple exponen- 
tial equation, p=Cj . e'x^, where T is the absolute temperature. On 
the basis of a diatomic vapour the results appear to locate the 
melting point at 217'4°, and give a pressure' value at the melting 
poin.t of 12'68 bars (0'00954 mm.), and slope values for the p and T 
curves at the melting point of I'OoO bars/degree (0 000767 mm./ 
degree) for the crystals, and 0'573 bar/degree (0000431 mm./ 
degree]^ for the liquid. TTie slope at the melting point was thus 
found to be greater for the solid than for the liquid, as required 
by thermodynamics, and as found for other substances. The differ- 
ence between the two slopes is 0'477 bar/ degree (0'000358 mm./ 
degree) on the basis of a diatomic molecule. From Clapeyron’s 
first latent heat equation, the three latent heats at the melting 
point were calculate on the basis of a diatomic vapour, as follows: 
latent heat of vaporisation, 135'5; latent heat of sublimation, 
219'4 ; and latent heat of fusion, 83’9 cal. /gram. Since the vapour 
density at the experimental temperatures is unknown, the three 
latent heats, as well as the pressure at the melting point, and the 
slopes of the p and ? curves at the melting point, have been calou- 
lat«i on the basis of 4, 6, 8, 10, and 12 atoms per molecule of 
vapour. The calculated latent heat values vary inversely as these 
numbers. These results e,re not out of keeping with the require- 
ments of the Kirohhoff equation, ba.sed on thermodynamics, relating 
vapour pressure and temperature, but they do not give positive 
evidence that this equation is applicable to selenium, as would be 
expected from the limited temperature range even if that relation 
should apply. J. F. S. 


Telluriom Nitrite. Fkli.x vonOefji.e (Pharm. Zmir.-k, 1920, 
61, 491— 492).— By the action of nitric acid on tellurium, under 
certain conditions, namely, using large quantities of material and 
a high column of liquid (not less than 50 an.), tellurium nitrite 
was obtained as a flesh-coloured precipitate, which could be dried 
at 100° without decomposition. At higher temperatures it decom- 
poses, leaving a residue of yellow telluri:^ dioxide. E. H. R. 

Rutherford's Experiments on the Subdivision of the 
Nitrogen Nucleus. W. Eexx IKaturn'iss,, 1920, 8, 393; from 
<!hem. Zenir.. 1320, iii, 300).-The priority in the explanation of 
the deficit in the atomic weight by the theory of the lag of energy 
.“hould be ascribed to Swiiiiie, and not, as previously (this vo!., 
ii, 427), to Harkins and Wilson. ” ■ 


Determination of the Electrolytic Potential and Over- 
voltage of Arsenic. Vincent B. JIarquis {J. Amer. Ckem. hoc., 
1920, 42, 1569— 1573).— The normal potential of an arsemo 
electrode has been calculated from P.M.F. . 

of the type Hg,HgCI|LiCl in alisolute alcoholHAsClj (0 176Jf) m 
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absolute alcohol | As. This cell had an EM.F. of 01B3 volt, which, 
making use of the Bideal and Roderbuig method of calculation, 
is equivalent to 0 040 volt for the arsenic-alcohol potential and 
0111 volt for the arsenic-water potential. From this, the 
electrode potential, 0138 volt, is obtained, which places arsenic 
between hydrogen and copper in the electrode series. The mole- 
cular conductivity of arsenic trichloride in alcohol has been deter- 
mined at 20°, and concentration-conductivity curves drawn. Tiie 
dissociation of arsenic trichloride in alcohol solution is 20’6% ip 
017G.V-solution, Conductivity determinations also show that 
there is no appreciable hydrolysis of arsenic trichloride in alcohol 
solution, blit that there is a slight combination with the solvent. 
The hydrogen overvoltage on arsenic electrodes has been deter- 
mined by both the open-circuit and closeil-circuit methods. The 
former method gives a value 0 379 volt and the latter 0 478 volt. 

J. F. S. 

A Decolorising Carbon. Joskph C. Bock (J. Anur. Chm. 
Eoe., 1920 , 42, biGl- -loiiO). The dei'olorising action of a vege- 
table carbon, sold under the name Norit, on biological fluids has 
been investigated. Xorit is found to e.xtract uric acid completely 
from urine; creatinine is extracted to a large extent, carbamide, 
total nitrogen and pln)spliate,s are removed to a considersble 
extent, and ammonia nitrogen, chlorides and dextrose are slightly 
removed. Bouillon cultures, on shaking with norit for a few 
seconds and subsequently ketpitig in contact for three to four 
minutes, showed a marked decrease in the number of bacteria. 
Freundliclis simple adsorption lurmiila holds exactly for the 
aeisorptioii of total nitrogen and creatinine, and probably holds 
for dextrose. When several sit! stances are present in a given 
solution, each one of them is adsorlwil less than when they are 
present separately. Tints urine containing l’77‘,!i of dextrose lose- 
no sugar on tre.vimeiiL with nont. whereas a l)-77% aqueous solu- 
tion of dextrose Itwixi lb'.''' .. of its sugar after the same treatment. 
Lactose is remove-l from milk by norit. Washed norit (ash, 218'(,i 
is more efficient than l■ommer^ial norit (ash, .o' 13%) as an 
adsorbent. ®' 

The Strength of Aqueous Carbonic Acid Solutions at 
High Preasnros. Orio Hiiixut iCentr. Alin., 1920, 25—32).- 
ExperimenU were made to determine the solubility of carton 
dioxide in water at higlier pre-aiires. and the electrical condiictinty 
of the solutions. The solnlioiis were jirepared by eatiiratiiig water 
with carbon dioxide in an autoclave of large capacity. When the 
pressure had Iwii me.isnred. a quantity of the saturated soluM 
xvai rejnoveij to a siserial eudiometer, and the excess of gas alkweu 
to escaiie from the solution a' atmospheric pressure, the voram« 
of gas and water Wing then niea.siired. Detenninatioiis wW 
made at 0° at ]>rcs8iiri-s up to 38 atm. and at ln° up to ^ 
At iP and .38 atm., a .latiirateil solution conUnis r44% ny » 6 
of carbon dioxide, and at 13° and 32 atm., 5 44,®. einyr 
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ij not obeyed, for the rate of increase in solubility diminishee with 
increasing pressure. The electrical conductivity of the solutions . 
is very low; thus, a 2-99% solution, at 15° and 20 atm,, has a 
conductivity only half that of a 0'3% solution of acetic add. It 
has been shown, however, by Thiel and Strohecker (A,, 1914, 
ii, 361) that in a 0*038% solution of carbon dioxide at 4°, only 
0*56% exists in the hydrated form, as HjCOj, If the same holds 
true at higher concentrations and pressures, the true conoentra" 
tion of carbonic acid in a saturated solution at, say, 15° and 
52 ati^,, is 0*027%, and its conductivity, 1*98 x 10*, is of the same 
order as that of formic acid at a similar concentration. Carbon 
dioxide must, then, be classed with the stronger acids, a conclusion 
which accords fully with the known activity of the acid in rock 
formation and degradation. E. g R. 

Preparation ol Thiocarbonyl Tetrachloride. Percy 

Faraday Frankland, FiiEnEnicK Challenger, and Dorothy 
Webster (J. Sm. Chan. Iml., 1920, S9, 266— 257t).— For the 
preparation of thiocarbonyl tetrachloride on a large scale, 4 grams 
of iodine are added to 2 kilos, of carbon disulphide dried over 
calcium chloride, dry chlorine is passed in, the temperature not 
being allowed to exceed 20°, until the increase in weight corre- 
sponds with the absorption of five atomic proportions of chlorine, 
when the reaction mixture is run, in a thin stream, into hot water 
through which steam is being blown. Sulphur chloride is thus 
decomposed, and thiocarbonyl tetrachloride distils over. The latter 
is again distilled with steam, then dried over calcium chloride, and 
fractionally distilled until the temperature reaches 140°. The 
residue in the flask is the rec|uired thiocarbonyl tetrachloride, and 
by this process a 60% yield may be obtained. It should be noted 
that thiocarbonyl tetrachloride is completely decomposed by 
contact with metallic iron at the ordinary temperature. W. G. 

Behaviour of Concentrated Alkali Chloride Solutions in 
Presence of Alkali Hydroxides. Cii. Chorower {Zeitsek. 
angew. Chem., 1920, 33. 201— 203).— The author has investigated 
the solubility of alkali chlorides in liquors derived from the treat- 
ment of vinasses ash with lime and bariiun hydroxide. The com- 
position of an experimental liquor was; Cl, 3*559; OH, 0*9278, 
K, 4*792; Na, 0*933; S. 0*0594 ; SO,, 0*0321 ; CO3, 0*0705%. 'fte 
liquor was eva[joi'ated in quantities of 4 litres, and boiling-point 
determinations were made at various stages when depositiim of 
salts ceased. The density was then delennined m a modified 
pyknometer, and the samples analysed. Six samples t«ted from 
quantities of 15 , 20, 25, 35, 41, and 48 litres, with boiling points 
110°, 111°, 112°, 115°, 116°, and 118°, showed increasing densities 
from’ 1*295 to 1*370. ’The chlorine ions diminished from 12*58 to 
7*661, and potassium ions reiiisiiied nearly constant at approM- 
ately 17, but all the other ions gave progressively rising valu«. 
The author discusses the phenomena by the app ° ® 

theory of mass action and of the phase rule. 
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Oxidation o( Potassium Plumbite to Plumbate by means o{ 
an Alternating Current. Fr.inz Jirsa {Zeitsch. physikal. Ohem., 
1920, 94 , 1 — 5). — The electrolysis of a solution of potassium 
hydro.xide between lead electrodes by means of an alternatiuo 
current of 49 periods brings about the formation of potassium 
plumbite as the only product. It is shown that the plumbite may 
be electrolytically oxidiserl to plumbate it electrodes of suitable 
metals are used. The metals cop|>er, silver, gold, cadmium, mag- 
nesium, mercury, nickel, iron, platinum, and palladium when used 
as electrodes with alternating current effect the oxidisation but 
no oxidation occurs when learl, bismuth, cobalt, thallium, or carbon 
is used. The nature of the eleclrotle is also determinative of the 
product of the oxidation ; under the same conditions (40 grams 
of potassium hydroxide and 4 a grams of lead oxirle per litre) with 
palladium electrodes, yellow lead sesqnioxide se])arates and lead 
metaplumbate is formed, whilst with nickel or iron electrodes a 
dark brown powder separates, which is the dioxide, and the yelbiv 
plumbate is not formed. It is shown also that, even with 
electrodes which are capable of effecting oxidation, oxidation does 
not always take pUu-e; under certain conditions, reduction, or even 
oxidation and reduction, may occur. The disintegration of the 
electrodes is an accelerating factor of the reaction. J. F, g 

Sodium Phosphide. E. Tonxixsox ami tl. Barker {Chm. 
.Vfic,<, 1920, 121. lot --10.'). 177V- When sodium is heated with red 
phosphoru.s, amongst other provlucis, a grey mass is obtained, whitli 
is a*'ted on violently by water, giving s|iontanrii:i-ly inHammalile 
hydrogen phosphide. With yellow phosphorus under snitalilf 
conditions, a white, crystalline jinuliict is oiitaiued. \V. 0. 

The Third and the Fourth Dissociation Constants o! 
Pyrophosphoric Acid and the Examination of the Purity 
ol Sodium Pyrophosphate. I. M. Koi.tikui' {Pham. ir«(i- 
blail, 1920. 57. 474 I.tl). The hydrogen -ion t.-r>m*entralion of 
dilute wlutions of sotUmu «leterminp<i colon- 

inetrically by comparing' tbe ndimr nf tlivinolphthalein ii 

these solutioiiA and in mixtures (d rarbonate and bydrogen carbonate 
solutions of known /»„ value. From the rt'suUs, a mean value of 
4’6xl0"® for the fourth di'>fx'iathMi wis calculateif. 

Further measnremetitH with inixlureH of pyrophosphate and ‘mail 
quantities of hydrocdilorir arid, so to «;ive the ion IIP.O-’ ' in 
jjreeenee of P.>6;'’". lc<l to the re^^ult A', 3‘bxlO"’', with certain 

a.ssiunption'i as to the decree of dissot'iation of the solution. Tlie 
third dissociation wnffant wevs determine^l in a similar way ly 
measurements in inixe<f fiolutions of and N’aJfXO;, 

the value A', 7 6 x 10 * lieint; ohtaineil, W. S. M. 

MeUstability of the Metals as a ConseTOence of Allotropy 
and it« Significance for Chemistry, Physics, and Teenies. 

IV. Erust Conns and II. B. Bm ms {^fttsch. phjM. Chm. 
1920. 94 . 443 419. ( ompare A-. I9M. ii. 52. 202. 332 , (vA 
1915, ii, 52. 83, 417, 471, 565, 634; 1916, ii, 183).-A repetition 
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of earlier experimeiita in which a change in density of silver and 
cadmium was found after keeping under solutions. This change 
has heen attributed to the. adsorption of water or solution. The 
present experiments were undertaken to ascertain whether or no 
the metel does contain water after the treatment. The results 
show that whilst water is contained in the metals to the extent of 
0‘1“0'001%, the amount is so small as to be without effect on the 
density, and consei^uently can play no part in the changes 
■previously observed. J F S 

Binary System Akermanite-Gehlenite. J. B. Febouson 
and A. F. Bcddington {Atiur. J. Set., 1920, [iv], 50, 131—140. 
Compare Ferguson and Merwin, A., 1919, ii, 469).— The binary 
system kkermamte (2CaO,MgO,2SiO,,)-gchlenit6 (2Ca0,Al203,Si02) 
has been studied by the quenching method, and the curves of the 
solid and the liquid phases constructed. The system is found to 
consist of a complete series of solid solutions with a minimum melb 
ing point, 1388°, 70° lieiow that of iikerniaiiite (14.58°). The refrac- 
tive index and general optical characteristics have been determined 
for the intermediate compositions, and are found to be a continu- 
ous function of the compo.sition. Crystals of a certain intermediate 
mixture are isotropic for sodium light, and constitute a transition 
l>hase from crystals of positive optical character to those of negative 
optical character. Zoned crystals showing materia) of both positive 
and negative optical character in the same crystal were obtained. 
These are analogous, in this respect, to certain natural melilite 
crystals which have been previously described. The densities of 
crystals of akermanite, gehlenite, and several intermediate mixtures 
have been determined and found to confirm the isomorphous char- 
acter of the system. Akermanite was found to show the unusual 
feature of its glass having a greater density (2'955) than the 
corresponding crystals ('i ^-li) at 25°. J. F. S. 

Piezo-chemical Studies. XVI. Experimental Proof of 
Braun's Law by an Electrical Method. Ernst Cohen, 
C. W. G. Hettersciii.!, and A. L. Th. Moesvelo (Zettsch. physikal. 
Client., 1920, 94, 210 — 232. Compare A., 1919, ii, 331). — Braun’s 
law has been experimentally examined for the case of cadmium 
iodide by the electrical method of Cohen and Sinnige (A., 1909, 
ii, 981), and it is shown that within the limits of the experimental 
error this law accuratelv represents the experimentally found facts. 
To arrive at this concUi-sion the following data have been obtained 
for cadmium iodide: temperature-coefScient of the solubility, 
(c«/6r)3,/ == 4-0-1003 ±0-001 gram pr 100-gram solution /degree; 
pressure-ooeffeient of the solubility, (fj:/8ir)3|,|,” =- 0 00390 ± 
0-0003%/atm.; the fictitious volume change, if =0-0191±0-0003 
c.c./gram, and the fictitious heat of solution, $3,|.(|’=3-71 ±0-07 
gram-cal./gram. Substituting the first three of the above quantities 
in Braun’s equation, rhe value of Q is found to be 3-60 + 0-19 gram- 
cal./gram. The determination of the pressure-ooefficient of the solu- 
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biliby indicates that this factor may no longer be regarded as 
negligibly small. J- F. 8. 

Metastability of Elements and Compounds as a Con- 
sequence of Enantiotropy or Monotropy. III. Cadmium 
Iodide. Ernst Cohen and A. L. Th. Moesvsld (Zeitsch, physikal. 
Chem., 1920, 94. 471 — 481. Compare this vol., ii, 620). — Cad- 
mium iodide has been, carefully examined, and it is shown that at 
temperatures between that of the melting point and ordinaijr tem- 
perature, it exists in two modifications which stand to one another 
in monotropio relations. Cadmium iodide obtained by orystalliBation 
from solution or by subliiuation is a mixture of o- and d-forms in 
unknown quantities. The physical properties of cadmium iodide 
hitherto recorded, except those reoorderl by Cohen, Hetterschij, and 
Moesveld (preceding abstract), refer to a mixture of the o- and 
/S-fonus of unknown composition. J. F. 8. 

Melting Points and Thermoelectric Behaviour of Lead 

Isotopes. Theodoke W. lticiiAHi>s and Norris F. Hall (J, Aner. 
Chfm. Soc., 1920, 42, 1550 — 1556). — The melting points of two 
isotopic varieties of lead, which dilTered by 0'8 in atomic weight, 
have been determined aiul found to differ by not more than 0'05°. 
From this result it may bo assumed that the other kinds of lead not 
only have very nearly the same luelliiig point, but also, since the 
sample cousistiiig chiefly of lighter isotopes doubtless contained 
ordinary lead, that they mix or, better, mutually dissolve without 
affecting the melting point. The Seebeck thermoelectric effect pro- 
duced at the junction of the two kinds of lead was determined and 
found to be lero. (See also A., 1916. ii, 250.) J. F. S. 

Disglomeration : a New Mode of Transformation oi 
Solid&ed Metals. A. riiiRL {Silzungsbtr. Ges. gmmt. 
.Volunris*. Marhurij, 1920. i, 1 -17 ; from f’hrrn. Zentr., 1920, 
iii, 227). — The .illotropy of lead does not play any part in the trans- 
formation of lead according to Heller's experiments (A., 1915 , 
it. 634 ; compare also Cohen and Heldennann. A., 1915, ii, 456 ). 
DLsglomeration (disinb'gratioii in consequence of the solution of the 
eutectic formed by lead and its im]iuritie.s and located between the 
lead crystals) is a consequence of the chemical action of the dissolved 
nitrate and formation of lead nitrite. Disglomeration only occurs 
with solidified metals (copper in addition to lead). Formation of the 
lead tree is only observed when local, short-cirniited, ionic concen- 
tration cells are developed. All types of lead which separate as the 
lead tree are crystallographieally identical with that which has 
crystallLsed from the molten metal; the earlier explanation of the 
phenomenon as lieiiig due to allotropy i.s therefore excluded. ^ 

Rats of Discolution of Metallic Copper In 
Ammonia. Enciii Yama.saki (Set. /fey. Tfihoku Imp. CRif-. 

9, 169 — 220). — The copper was vigorously rotated with a con 
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stant velocity in ammonium hydroxide, and a steady current of air 
passed through. Two chemical actions take place in the solution, 
the electrolytic dissociation of the copper and the autooatalytic reac- 
tion of cuprammonium compound in solution. The velocity of the 
former increases proportionally to thesquarerootof conoentrationof 
free oxygen, and the rate of the latter to that of the cuprammonium 
compound. The total velocity is independent of the concentration of 
free ammonia and the nature of the anions. The dissolution velocity 
ihcreasee regularly to a masimura and then decreases again. The 
maximum is attained at a, concentration of cuprammonium hydr- 
oxide, which is practically proportional to the concentration of free 
ammonia. The range of solution of copper is increased by the pres- 
enoe of an ammonium salt A mathematical formula is obtained 
which represents the course of the reaction with sufficient accuracy. 
The velocity of dissolution is found to be roughly proportional to a 
two-thirds power of the rate of stirring. The temperature-coefficient 
is only 1'15, so that probably the velocity of reaction is ohieBy deter- 
mined by that of diffusion. Diffused daylight has no effect on the 
velocity. With the addition of hydroxylamiue. dissolution takes 
place very slowly, probably due to the checking of the autocatalytio 
action of the dissolved copper. Sodium oleate has a retarding effect, 
and amalgamation considerably reduces the velocity. The effect of 
carbon monoxide is slight, but hydrogen peroxide increases the 
initial velocity of dissolution. The best conditions for the prepara- 
tion of the solution of cuprammoninin hydroxide are discussed on 
the basis of the present investigation in view of its importdhce in 
the manufacture of artificial silk. T. H. B. 


Similarity in Micrographic Appearance Existing at 
Different States between Iron-Carbon Alloys (Steels), 
Copper-Tin Alloys (Bronzes with Tin), Copper-Zinc Alloys 
(Brasses), and Copper-Aluminium Alloys (Bronzes udth 
Aluminium), A. Pobtehn (Compt. rend., 1930, 171,300—353), 
—In the case of copper-tin and copper-aluminium alloys the 
austenitic, martensitic, and troostitic states have previously been 
observed, aa well as the two aspects of the eutectcid. For copper- 
zinc alloys the austenitic and troostitic states have been ohservM, 
and the author has now obtained niicrophotographs showing first the 
eutectoid resolved during cooling, and secondly the martensite sto 
for these alloys. 


Chemical and Electrochemical Properties of Copper-Zinc 
Alloys Prepared by Melting or by Electrochemical 
Processes. Fbanz S.AUEnw.un {Zritsch. anorg. Chem., lU-U, ill, 
243— 279).— An account is given of the action of various r^ente, 
such as solutions of cadmium sulphate, copper snip a e, ra p unc 
arid, hydrochloric acid, thallous sulphate, lead chlonde, M 
nitrate, and alkali sulphides, on alloys of zinc and copper pre^r 
by various methods and of varying composition. b.ll.f. M 
alloys (lOQ— 18-4% Cu) against a solution of zmc chlonde has 
been measured, and the change with temperature ascer ^ 
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shown that tlie behaviour of zinc-copper alloys is governed by the 
two factors which determine the chemical and electrochemical 
behaviour of mixed crystals, namely, the nature of the partition of 
the components and the mobility of the atoms in the crystal lattice. 
It is shown that the mixed crystals, obtained by melting, with 
ordered partition corresponding with the erjuilibrium conditions, 
have chemical and electrochemical properties at the ordinary tem- 
perature which to a large extent are independent of the concen- 
tration. This is to be aUribnted to the protecting action of the 
copper. The properties change sharply and suddenly only* on the 
appearance of a new crystal form with a different lattice, whereby 
in the case of copper saturated with y-crystals, the properties of the 
compound t’u.Ziij were obser\e<l. At 380°, where a considerable 
mobility of the atoms in the lattice exists, the electrochemical pro- 
perties of the mixed crystals are dependent on the concentration, 
since the copper is no longer able to afford a protecting action. In 
the case of unordered atom partition, which is obtained by slectro- 
lytio deposition at the ordinary temperatures, the copper is only 
able to afford a very slight protecting action to the zina From this 
the simple relationship follows that the logarithm of the solution 
pressure of the zinc iu alloys with unordered partition is propor- 
tional to the number of unprotected zinc atoms. The atom parti- 
tion brought about by electrolysis is to a large extent dependent on 
the temperature, for it is .shown that by the electrolysis of molten 
salts at 300° an alloy is obtained in which the atom partition is very 
nearly that of the erpiilihrium condition. J. F. S. 

Topochemical Reactions. Formation and Behaviour of 
Copper Hydroxide. V. KoiitsciitTiKii and J. 1., TCschee 
(ZeilH'lt. (innnj. t'lirm, 1930. 111. 193— •.’30).— A topochemical 
reaction is detined a.s one which (icjiends on the. relative position in 
space of the reacting groujis or molecules. The present paj^r give- 
a long account of the vanou.s methinls of preparation of copper 
hyciro.xide and the jiropcrties ol the various products. In jiarticular 
the loss of water from the hydroxide to form oxide and partly 
dehydrated hvdroxidt's is omsidered. Four means of dehydrating 
copper hydroxide are coiisiilercd : fit thermal separation of water. 
t'ufOH), — ^t'uD t 11.0; (ii) .separation of water by osmotic pres- 
sure owing to the evaporation of the surrounding litjuid; (iii) eiidos- 
muttc drying of the hydrated com|iouml on an anode; and (iv) water 
separation by internal neutrali-sation, due to amphoteric ionisation. 
The authors arc of the opinion that the dehydration of copper hydr 
oxide takes place according to the last-nameri method. Ibe pro^s 
is represented bv the efiuatioiis CufOH); - - Cu +-^., ’ 
CuiOH), — CuO.' r 2ir; 110' - 11' -- 11.0; and CuO.”-Cu = 
3CuO. ■ ■ 

The Eiectro-aiBnity ol Alatniniom. HI. The AeW 
and ConetitatioD ol Alominic Acid. Jaro.si.av He's 
(T, 1930, 117, 1013-1035). 
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Hydrates of Alumiaium Nitrate. Kmo Ikamusa IJ. 

Znn: I of aluminium 

nitrate (18H,0) nitno acid, and water in various proportions are 

eft to one o two days at 2 d'>. After the equilibrium is eetab- 
fiW, the solution is separated from the reeidue, and aluminium 
nitno acid, and water are estimated in the two fractions The 
reeulte, are given m two tables and two curves, which show that 
m proper concentrations of nitric acid, at 25° the nitrate 
produces three hydrates containing 18, 16, and 12 H,0 respectivelv 
The first hydrate is most stable in 73% (D'» l-435> or a weaki 
mtrio acid, the next hydrate in 73—81% T1435— 1T463) and 

the last in nitric acid stronger than 81%. Chemical Absteacts. 


Phosphomolybdic and Phosphotungstic Acids and Allied 
Substances. Hsein Wu {J. Biol Clim., 1920, 43, 169-220),— 
The somewhat confused literature on these acids is reviewed. There 
are two seri« of these complex acids, in which the ratios P^Oj : XOj 
are 1 : 18 and 1 :24 respectively, and simple methods for their pre- 
paration are given. 

There appear to be two isomeric forms of the phosphotungstic 
acid, PaOjilSWOj, and there are a number of complex acids con- 
taining both molybdenum and tungsten which belong to both the 
18- and the 24-serie5. 

On moderate reduction, the coni|)le.x acids give rise to a number 
of new complex acids containing lower oxides of molybdenum and 
tungsten. The value of the complex acids of phosphorus and 
tungsten or molybdenum as analytical reagents is fully treated. 

J. C. D. 


An ApproKimate Detemination of the Melting-point 
Diagram of the System Zirconia-Silica. E. W. Washbcrx 
and E. E. Libman (.7. Amir, (.'eniiii. Hoc., 1920 , 3, 634 — 640). — 
The meltiug points of mixtures of zirconia and silica were deter- 
mined by heating one end of a small rod, 5 cm. long and 0‘3 cm. in 
diameter, in an oxy-acetylene flame and measuring the tempera- 
ture of the droplets of fused material with an optical pyrometer. 
Temperature readings could be dnidicated to about ±100°. By 
this means, it was found that the melting point of pure zirconia is 
ibout 2700°, and that of natural zircon about 2300°. A eutectic 
lelween ZrO, and ZisSiOj occurs near 2300°. [See .7. Sac. Chem. 
fnd., 628a.] ' A. B. S. 


Metastability of Elements and Compounds as a Con- 
ietpience of Enantiotropy or Monotropy. II. Antimony 
Pri-iodide. Ehnzt Coiizs and H. R. Broins (Zeitsch. piiysikal 
-iera,, 1920, 94, 465—470. Compare this vol, ii, 620),— 
A.ntimony iodide has been stated by Cooke (fVoc. Amcr. Acad.^ 
1878, 6, 1, 72) to belong to the enaiitioraorphie substances, and to 
irystallise in red, hexagonal crystals and yellow, rhombic crystals 
with a transition point at 114°. This change has been carefully 
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re-&xamiD€<i, and it is shown that antimony iodide ia a monotropic 
substance, and that the temperature 114° found by Cooke was 
accidental. Antimony iodide prepared by sublimation is a meta- 
stable system, which may remain unchanged for long periods even 
at low temperatures. J. F. S, ■ 


Mineralogical Ghemittry, 


Regular Grouping of Two Minerals in Titaniferous Iron- 
ores. A. Lacroix (Compl. rc«7., 1920, 171, 481 — 485),— The 
compound FeTiOj (eorresimiidiiig with TiO., 52'65, FeO 47'35^) 
is reprcsentetl most uearly in ii.it lire by the mineral crichtonite 
from Oi.sans, Iscre, and it is proposed to limit this name to sucl 
a compound. In most ilmcnites. however, the composition is more 
complex, and w.is represented Irv ILintnielslxrrg as FeTiOj-i- jFe.Oj. 
These two components have been assumed to fonn an isomorphous 
mixture (although they do not ))os.sess the same degree of 
symmetry) or to fonn a solid s.dution ; or, again, the isomorphous 
mixing of TLO, and Ke.Oi has been as.stimed. Spedmeiis of 
ilnienite from' Madagasear. however, show very distinctly a fine, 
lamellar intergrowth of two minerals (crichtonite and hsmatite) 
similar to the jierthitic intergrowth of the felspars. The layers of 
h,a'matite .are attaeke.1 by liydro<.'hloric arid, leaving, finally, 
isolated l.amelhe of erichtniute. .Analysis by Raoiilt of a speoimeii 
from Andoiigovato. near ftrong.ay, g>avc; 

TiO,. F. n. MriO MgO, Fe,0,. Total. Sp, er, 

27 41 2I ',i9 0 22 0 25 47 S.I 99 S2 4 98 

corresponding with h.Tinalite 17-9.') and crichtonite 51-87"f,. Thi 
original ilmenite from the Ilmen Mtns. (nuitaining TiO.^ t5--tS‘() 
aofsears to l>e homogeneous but tlie washingtonite variety from 
I.'itehtield. Maine (TiO. ‘."J L'l®-',), shows very distinctly tie 

perthitic intergrowth, whilst in crystals from Snanini, Norway 

(TiO.. 6 10 the I aifls of rrielitonite are very thin. The naim 

ilmenite is ttierefirre reserved for the homogeneous types, and 
washingtonite for tbo-e showing the itilipiate intergrowth of tb 
two minerals. Similar regii’ar intergrowlhs are also shown by 
the tilAniferoiia magn.->tite» of Marlagasear, the two minerals® 
this case hreing magnetite ami eriehtonite. T.ayers of neediest 
brown rutile mclt.ied p.arallel to the nctaholral plane- of J 
magnetite are shown to be fine to the secondary transfomiation 
crichtonite 

Blddite and other Mineral* ol the Saliferous Strata “I 
Monte Sambneo in the Calaecibetta Region 

MltLO.SEVKm (,1'ti A'. I'-cm/, liiirri, 192lt, fv). 29. ' ■ ^ 

Crystal* of blddite, <ome colottrleeti and others ret, “ » 
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inclusions of ferric ox^de, occur locally in the deposit of hard salt, 
consisting essentially of kieserite and rock-salt, found in the 
saliferous mass of Monte Sambuco; they belong to the monoclinic 
system, .■c=l'34939:l ;0-6704r, d=--79°21'42". The per- 
centage oompoeition : 

Na,0. MgO. SO,. H,0. Insol, Total, 

18-51 12-00 47-41 21-42 0-49 99-83 

agrees well with the formula Na>S0,.MgS04,4H20. 

■ The name blodite has a prior claim to astracanite, which was 
used first to indicate the rock, that is, the material forming dis- 
tinct layers in the saliferous deposits, such as those of the salt 
lakes of the Astracan steppe. 

The astracanite mass of the upper gallery of Monte Sambuco 
oontains many rounded, white nodules, which vary in size (peas 
to oranges), have a granular, saccharoid structure, deliquesce partly 
in moist air, contain boric acid, magnesium, and chlorine, and 
closely resemble the nodules of compact boracite (stassfurtite) 
occurring among the cariiallite of the Sta'sfurt deposits. 

T, H. P. 

Optie^ Properties ol Anthophyllite. N. L. Bowbm { J . 
W athingloi Acdil. Sd., 1920, 10, 411 — 414). — A revision of the 
optical constants for Penfield's (1890) original material from 
Franklin, North Carolina (containing SiO., 57'98, AhOj 0'63, 
FeO-fMnO 10-70, MgO 28-69“(). gave: s = l-6195, d=l-6301, 
y = l'6404, -y - 0 - 0-0209, 2r=88°46' (Na). For the artificial 
magnesium metasilicate (kiiofferite) described bv Allen, Wright, 
and Clement (19061. revised values are: « = 1-5S4. y = 1'597. In 
anthophyllite, the refractive indices increase regularly with the 
percentage of ferrous oxide. L. J. S, 

The Existence in Madagascar of a Silicate of Scandinm 
and yttrium, Thortveitite. A. Lackoix (Gompt. rend., 1920, 
171, 421— 423).-- Thortveitite has been found in the pegmatite 
at Befananio, in Madaga-car. and re.sembles in its properties the 
same mineral previouslv discovered in Ivelard, Norway, and 
described by Schetelig (A,, 1912, ii. 56). W. G. 


Analytical Chemistry. 


Theory of Indicators Used in Acidimetry. Gbstav F. 
Huttig (Zeiisch. ph//rikal. (Jlinn., 1920. 95, 280 284). A 
theoretical paper iu which the results of ^egscheider (A.,^ 1916, 
ii, 108) end the previous paper of the author (A., 1914, ii, 597) 
are discussed, and the optical and electrochemical behaviour of 
indicators further developed. J. r. ». 
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A Polychromatic Indicator. James Moir (/. S. African 
Assoc. AinJ. Chem-., 1920, 3, 6 — 8). — The indicator is 3:3-dihydr- 
oxyben2aurine-2-sulphonio acid, a^d is prepared by condensing 
catechol with oeulpholienzoic acid. It exhibits the following 
range of colours in acid and alkaline solutions: strong acid, 
purplish-pink; dilute acid (.V/10), salmon-orange; more dilute acid 
(iV/40), yellow; neutral solution (or, more exactly, Pa_=^'5), prac- 
tically colourless; dilute alkali (/;,[ = 7-5), violet; stronger alkali 
(p„ = 10), indigo-bluc; concentrated alkali, grass-green. 

W. !t>. S. 


Use of Potassium Hydrogen Phthalate as a Standard in 
Alkalimetry. F. IX Dodoe (J. Amer. Chem. Soc., 1920, 42, 
1655 — 1656. Compare Ilendrixson, this vol.t ii. 382). — In the pre- 
paration of ]>ota-isium hydrogen phthalate for use as a standard in 
alkalimetry, it is advisable to crystallise above 20°, because in this 
way the formation of a more acid .salt, 2KIIC,H,O4,C,H|,0j, is 
effectually prevented, J. F. S, 

Influence of Atmospheric Carbon Dioxide on Alkali- 
metric Titrations, using Phenolphthalein as Indicator, 

G. Bri'hns (Zfito'h. Ziir/.i riiol. dcihoshiv., 1920, 44, 331 — 33.3).— 
Comparative titration- with .V, 100.-odiun\ hydroxide and hydro- 
chloric acid -olution-. u-ing phenolphthalein and methyl-orange as 
indicators, ?howc,l that, with the former indicator, less acid was 
reepiired to neutralise a given quantity of the alkali than when 
methvl-oraiige was einployesl. The ililTeienee wa.s about Oa o.c. 
l>er 10 c.c. of acid u-e<l, and wa.s due to earhon dioxide ah-orlied 
from the atmosi'here during the lilralion. W. P. S. 


The Significance of the Dissociation Constant in the 
Identification of Acids and the Detection of Impurities 
Therein. I. M. Koi.Tnorf (I'hnim. itVi W/iid, 1920, 57, .all — 518), 
--The di--ociation con'i.aiit of we.ak organic acids may l)e nsetl for 
their characterisation. This mav la- ronvcniently determined tv 
estimating the hvflrogeii-ion concentration at a giveti (hhitioii by 
comparing the colour change of the -.vine imliralor in the solution 
and in a standard solution of known ion concentration. 
standard .solutions are reprf-sentrsl by very dilute hydrochloric acii 
or bv mixtures of pota.s.sium hvtlrogen plithalate with hydrochloric 
arid or sodium hvdrrrxide. A seleetiirn of .-uitahle indicator.- i- 
given foE various we.ak aeid.s. The miiier.al acid or base in 
tion of an organic acid mav le estimated by ine,vnring the change 
in the Pi, v.ahie of th» solution eon-eqnent on the addition ot a 
known small qnaiititv of miner.il acid or base. The niethol o 
calculalion is exemplitie»l in the ease of t.artar!C acid. \1 . t- - 


The Neutralisation of Weak Acids with Weak ® , 
the Examirihtion of the Purity of Ammonium 
Weak. Acid*. I. M, Koi.Tiiorp (1‘harm. WcckblaA, 

787 79C). The exart titration of a weak acnl with a wea 
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is practicable if a suitable indicator is chosen, the choice of the 
latter being determined by the hydrogen-ion concentration of the 
resulting salt solution ; that is, the value to which it is desired 
to titrate must be determined beforehand. An expression, 

is derived giving the hydrogen-ion concentration in terms of the 
dissociation constants of the weak acid, the weak base, and water. 
With the help of this equation, the [H'] for mixtures of acid and 
base is calcidated, and the neutralisatiou curve constructed by 
plotting Pg. against the composition of the mixture. This curve 
shows an inflexion for the corresponding with the neutral 
point. An indicator is then chosen for which the in the range 
of colour change is approximately equal to the calculated value. 
For example, in thevtitratioii of ammonium acetate (pj- = 7'l), 
neutral-red with a range p„. = 6'8 to //„.=8 0 is chosen, Satis- 
factory results were obtained for aniinoiiia and oxalic acid (neutral- 
red), ammonia and succinic acid (neutral-red), ammonia and 
formic acid (methyl-red), and ammonia and salicylic acid (methyl- 
red). A method for testing the |)urity of ammonium salts of weak 
acids is indicated. W. 8. M. 


Liquid Ammonia-Sodium Method ior the Estimation 
oi Halogens in Oi^anic Compounds. F. B. Daius and R. Q. 
Bbewstek (■/. Amrr. Vliem. bVc., 1920, 42, 1573- -1579).— It has 
been pointed out by Clifford (A., 1919, ii, 423) that in some cases 
there is a considerable fornialion of cyanide in the estimation of 
halogens by the liquid auunonia-sodiura proces-s. With the object 
of asoertainiiig to what extent and in what circumstauMs this 
occurs, the reaction has l>een carried out with 123 organic com- 
pound’s, some of which did not contain any halogen, and the result- 
iii» solutions tested for cyanide. In most cases there was no 
cyanide present, but in a few, such as chloroform, bromoform 
chloral hydrate, and hronial hydrate, considerable quantities of 
sodium cyanide ace formed, according to the equation CHBrs-f 
NH =HCN -i-3HBr, whilst acetouitrile, phcnylacetomtnle, mu 
cyanoacetic ester also vield cyauide by direct separation Cyaind(» 
are also formed by ethyl idcnc chloride, lelrachloroethyleM, and 
tctrachloroethane. In all these cases, the estimation of the halogen 
can be carried out by the inodificatiou of the method put 
by Clifford {he. ol.). A large number of estimations a™ 
which show that this method of analysis is trustworthy Attempts 
to use the liquid ammonia-sodiniu method for the " 

cyanogen in organic compounds have shown ^ ^ , 

the process forrtis purpose, chiefly ‘%“Na = 

amines, according to the equation + ■„ANnnn does 

Cyii-NH,H-4NaNH.,. It is a remarkable fact that lodofom does 

not give cyanide by this process. 

Use ot Alundum Filtering Crucibles. D- , 

h,l. Ek. chem.. 1920, 12, ft Sh a 

removed frem the upper part- of an aluudnm erne 
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precipitate has been collected by supporting the crucible in a 
suitable holder in an ordinary giaaa funnel, covering the top of 
the crucible with a rubber stopper, applying suction to the stem 
of the funnel, and pouring the wash-water into the top of the 
latter. W. P, S. 

Chemical Analysis with Membrane Filters. L. Moser and 

Kittl (C'hem. Zeit., 1920, 44, 637 — 638). — Whilst membrane 
filters (A., 1918, ii, 307) are useful for the collection of colloidiil 
precipitates, their use iu quantitative analysis is limited. by the 
fact that, in s]nte of the smooth surface of the filter, it is impossible 
to remove the whole of the precipitate for weighing, since particles 
of the precipitate appear to Inxonie einberlded iu the membrane 
(compare also A., 1919, ii, 320)- W^. P, g. 


Wash-bottle lor giving a Continuous Stream ol Water. 

H.\ns Klein (j.'hnn. Ztil., 1920, 44, ,399). — The mouthpiece of 
an ordinary wa.-h-lHjttlo is litte<l with a length of nibWr tubing 
which may be clostnl with a spring clip, the ‘‘bow” of the clip 
fitting round the cork oi the bottle. The bottle is used in the 
usual wav, the clip being closcfl when there is a sufficient pressure 
iu the bottle and oi-'ene.! to stop the fiow of water from the jet. 

W. P. S. 

Apparatus for Evolution Methods ol Analysis. E. R. 

ItovEV (.Imi/ys', lO-’o, 45. 330 332).— An apparatus suitable for 
the estimation of available oxygen in manganese dioxide, sulphur in 
steed, etc,, consists el a |•.■a<r^il•n fla.sk, the delivery tube of which 
extends into a ti-st tube l oiitaining the .solution for absorbing the 
evolved ga- ; the test tiiU- may in turn la> connected with a small 
U-tnbe containing a small quantity of absorbing solution. A tube 
extends to the bottom of tin- re.aciion fla.sk, and admits air when 
the pressure it; the fla.sk dfCOM.ses from any cause. Another appara- 
tus, which niav be user! b r absorbing carlxm dioxide iu the e-stima- 
tion of earlwn in steel by the wet combustion methorl, consists of a 
reaction flask fittcil with .s relln.x aiqiaratiis; the long stem of a 
lapped funnel extends through the inner tube of the reflu.x appara- 
tus to,Uie bottom of the flask. The oarlioii dioxide is conducted 
from the top of the reflux apparatus to the bottom of a burette 
containing barium hvdroxi'le sidutioii and in which a rod fitted with 
dists is place*! (an efiicient absorption apparatus). The top of the 
burette is connected with an aspirator. When the absorption of 
the carbon dioxi*!e is complete, the jet of the burette is passed 
through a rubie r stopper closing a filter tube, the contents of the 
burette are filteresl , and the barium earlmnale washed. W. P S. 


The Celibration, Accuracy, and Use of Gas Metos. 
Al’ofST KhocH ( llivhrm. J., 1920, 14, 
recording spirometer for calibrating gas meters is descrilrei * 
projierly hand!r<1, wet ga.s meters are instruments of prw^^ 
Motor driven wet meters acting as pumps and having- a co 
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\vat6r levd maintained by a slow current of water are accurate to 
less than 0'1% at all rates below 1 revolution per minute. When 
calibrated for more rapid rates, they can be used with almost the 
same accuracy at rates up to 3 revolutions per minute. The volume 
per revolution decreases with increasing rate. In wet meters with a 
constant quantity of water the volume per revolution increases with 
increasing rate, but can be determined with equal accuracy. 

Dry gas meters are on the whole less accurate than, wet meters, 
and when arranged to show the volumes directly in litres their indi- 
cations ate often very inaccurate and cannot be calibrated. They 
should be arranged to count revolutiom. Gas volumes representing 
fractions of a complete revolution are generally very inaccurately 
indicated, but the volume corresponding with a whole revolution is 
a practically constant quantity. Varying rates may cause variations 
in the volume registered, but at practicable rates the variation is 
usually within 1%. The calibration of a dry meter changes with 
age. ' • J. C. B. 

Estimation ol Iodine in €h>nnexion with Studies in 
Thyroid Activity. III. E. 0. Kendall [with Avkina Pugh, 
F. S. Richardson and C. Forres] (/. Biol. Chem., 1920, 43, 
149 — 159 ). — The method previously described (A., 1912, ii, 864; 
1914, ii, 815) is modified to render it applicable to the estimation 
of iodine in blood and tissue. The modifications consist mainly of 
the removal of oxidising substauces from the phosphoric acid em- 
ployed by reduction with aluminium, the adjustment of the acidity 
during boiling, and the use of a small piece of hard coal to facilitate 
he removal of the added bromine. J. C. B. 

Estimation cf Iodine in Blood and in Animal Tissues. 

;V. E. C. Kendall and F. S. Ku'hardsos [J. Biol Glim., 1920, 
13, 161—170).— The application of the method described in the 
previous pai>er, to the analysis of tissues poor in iodine, such as blood, 
ft'as not practicable until a method of destroying large amounts of 
jrganic matter without loss of iodine had been evolved. Destruc- 
tive distillation of the tissue with about 3% by weight of sodium 
bydroxide at 300— 400=^ destroys much of the organic matter with- 
out appreciable loss of iodine. The charred residue is then 
Extracted with water, and much of the residual organic matter in 
he brown solution is removed by treatment with barium hydroxide. 
i second fusion in a small crucible, after evaporation to dryii^, 
fleets complete iiicineraticu. Special forms of heatiug chambers for 
he crucibles are described. 

Voluttgftric Estimation of HydrosuJphides in the 
'resence of Sulphides. Thiosulphates, and Sulpmtes. A. 

roBER (Chem. Zeii, 1920, 44, 601).-Sodium hydrosulphide when 
■eated with excess of mercuric chloride solution yields free h^ro- 
lloric add according to the equation 2KaHS + 3HgC2---' ^ + 

gaSjCIj + 2HC1 ; under similar conditions sodium thiosulphate gives 
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free sulphurio acid (compare Sauder, A., 1916, ii, 111), whilst 
sodium sulphide gives a neutral solution. By titrating the acidity 
produced by mercuric chloride before and after the test solution has 
been treated with zinc carbonate, the quantities of thiosulphate and 
hydrogen sulphide may be estimated ; the other constituents may be 
estimated as described by Sander (Zoc. cit.). W. P. S. 

Estimation of Selenium [in Organic Compounds]. ' Fniu 
Wbede {Zeilsch. physiol. CItem., 1920, 109, 272 — 275). — Xhc 
method here described is based on that given by Pregl for the esti- 
mation of sulphuric acid ( ' Die quantitative organische Mikro- 
analyse,” 1917, 122), and consists in burning the substance in a 
tube in o.'cygeu in presence of platinum as catalyst and titrating ‘ 
the selenious acid formed with centinormal sodium hydroxide solu- 
tion, sodium hydrogen selenite l)eing neutral to methyl-oraiu'e. 
[See also J. Soc. Vhcm. Iml., 1920, October.] T. H. P, 

Estimation of Ammonia in Urine [with Remarks on the 
Technique of the Micro-Kieldahl Method]. Ludwiu Piscussohx 
{Hiochem. Zeitsch., 1919, 99, 267 — 271’)). — The urine is heated in 
the distilling llask of a modiliecl inicro-Kjeldahl apparatus at hi® 
with sodium carbonate, and the animoiiia is aspirated into a receiver 
containing standard sulphuric acid and is estimated eitlier by titra- 
tion or eolorimetrically. The time taken tor the distillation of the 
ammonia (ten minutes) is not suBicicntly long to allow the conver- 
sion of the urea into ammonia. S. S. Z. 

Estimation of Phosphorus in Small Quantities of Blood 
and Blood-serum. Povi. Ivkbsks {litochem. Zcitscli., 1920, 104, 
22 — 29). — The author describes a mo<lir!cution of Xeiimanns 
method (A., 1903. ii, 213), which admits of the estimation of phos 
phorus in small volumes of hlooil or scrum (compare Keigl, A., 1919, 

i, 136). T. H. P. 

Titrimetric Estimation of Phosphoric Acid by 
Neumann's Method. Pout Ivkhsen {Hiochcm. Zcitsfk, 192U, 
104, 1.) 21). In this method for estimating phaspliorus in organic 

substrata lOu:!, ii, 2-)3i, the organic matter is destroyed by 
meaii.s of sulphuric and nitric acids, the phosphate formed (irecipi- 
fated as ammonium pliosphomolybdale, and the latter wa.died with 
ice-cold water, which is liltered; the filter and jirecipitate are then 
treated with slightly more .V, 2 sodium hydro.xide .solution than is 
necessary to dissolve the precipitate, and the ammonia thus liberated 
boiled off and estimated iiy titration: (c.c. of ,V/2-KaOII)^ 

0 o.539 -- amunnt of phosphorus in milligrams. (ireger8eHii(A., 1908, 

ii, 64) found it to b<* nt*ce#sHn' to ovcr-titrato with 0'5 — I c.c, of 
acid and to boil to oxpel carbon dioxide. Heubner (A., l9Hi 
ii, 675), A'ho dUsolves the precipitate on the filter by means of the 
standard sodium hydroxide solution, piven, however, a higher factor 
than the alxjve, namely, 0 57. The author nhows that Gregerj^!’- 
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modification gives good results, provided that the excess of 
JV/2-NaOH t^en is at most 4 o.c., and is subject to no systematic 
error; the mean value of the factor is found, from twenty-five 
analyses, to be 0’5526 (compare Kleinmann, this vol., ii, 634). 

T. H. P. 

Estimation of Phosphoric Acid in Phosphates of the 
Heavy Metals. F. Sebligmann Zeit., 1920, 44 , 599).— 

The phosphate (10 grams) is heated at 90 — 95“ for fifteen minutes 
with 12 grams of sodium hydro.xide solution (D 1'383), the mixture 
diluted with 4 parts of water, boiled, cooled, dilutrf to 1 litre, 
filtered, and an aliquot portion of the filtrate acidified with acetic 
acid and titrated with uranyl acetate solution. W. P, S. 

Estimation of Phosphoric Acid. I. (1) The Estimation 
of Phosphoric Acid as Magnesium Ammonium Phosphate 
and the Hindrance of its Precipitation by the Serum 
Constituents. (2) The Estimation of Phosphoric Acid as 
Uranium Phosphate and as Silver Phosphate. Hans 
Kleinkann (Biochem. Zeituh., 1919 , 99, 19 — 45). — Serum consti- 
tuents, such as potassium dihydrogeu phosphate, urea, glycine, or 
calcium carbonate, do not iiilliieiice the precipitation of phosphoric 
acid as magnesium ammonium phosphate. The presence of sodium 
chloride in certain concentrations, on the other hand, leads to high 
results. Reagents, such as picric acid and trichloroacetic add,, 
employed in the precipitation of proteins influence the predpitation, 
although they do not hinder it. Serum does not contain any sub- 
stances which are capable of preventing the complete predpitation 
of phosphoric add as magnesium ammonium phosphate, On predpi- 
taliug 1 mg. of P,,©} as magnesium ammonium phosphate in 50 — 75 
C.O. of solution, 0 006 mg. remains unpredpitated. With a smaller 
quantity (O'l mg.) of F.Oj the unpredpitated fraction is even pro- 
portionately higher. The uranium acetate method yields good 
results with quantities as low as 10 mg. of PjOj. Quantities below 
10 mg. give untrustworthy results. With Liebermann's silver pho^ 
phate method hioh tcsuUs are obtained, whilst the estimation or 
phosphoric acid as the vanadium-phosphoric add-molybdenum com- 
plex is found satisfactory.' Columbium and tantalum produce no 
specific coloration with phoephoric acid and molybdenum. S. S. Z. 

Estimation of Phosphoric Acid. II. The Estimation of 
Phosphoric Acid in Phosphomolybdates. Gravraetnc 
and Colorimetric Methods. Hans Kieinmann {Uiochm. Zeitsch., 
1919 99 45—95) — Tho precipitation of molybdenum by Kaper a 
method gwee too high values. Prelimiuary colorimetric expenments 
have shown that the coloured compounds produced by mo y 
with tannin or the phenols arc entirely unsuitable for quanUUtive 
analysis. The phenylhydrazino compounds yield untotwortiy 
results, but tho molybdcuuni-red reaction (potassium thio^anate) 
is satisfactory. The most suiUble results are obtained with potassr 

VOL. oxvm. u. 
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ium ferroc^anide. One mg. of molybdenum was estimated in 100 c.c. 
with an error of 0'5%. The proc^ure was suocessfully applied for 
the oolorimetrio estimation of phosphoric acid, which was precipi- 
tated as phosphomolybdate and the molybdenum then eatimaW 
colorimetrically with potassium ferrocyanido; 01 mg. of can. 
be estimated by this method with an error of 0'5%. An attempt to 
devise a satisfactory method for the estimation of ammonium in the 
phosphoric acid molybdenum complex failed. S. S. Z. 

Estimation of Phosphoric Acid. III. The Estimation 
of Phosphoric Acid in Pbosphomolybdates. Volumetric 
and Sedimetric Methods. Hans Kleinmann {Biochem. Zeitsch., 
1919, 99. 95 — 115). — I.ow results were obtained with Neumann's 
method for the estimation of phosphonis when the theoretical factor 
was used. By washing the ammonium phosphomolybdate precipitate 
with 50% alcohol instead of water, better results were obtained. In 
mioro-Neumanii estimations it is more satisfactory to wash the pre- 
cipitate than to centrifuge it, as a certain amount of loss is thus 
obviated. The author describes a “sedimetric” method by means 
of which the phosphorus is rapidly «stunale<l by measuring the 
volume of the jirecipitate after centrifuging it in a graduated tube, 
The height of the ammonium phosphomolyltdate jtrecipitate is pro- 
portional to its P.jO^ contcnt. S. S. Z. 

Estimation of Phosphoric Acid. IV. The Estimation of 
Phosphoric Acid as a Strychnine-Phosphoric Acid- 
Molybdenum Compound (Nephelometry). The General 
Principles of Nephelometry and the Construction o! a 
New Nepheloraeter. lUxs Kleixma.nn (Hhchem. Zcitsch., 1919, 
89, 115 — 150).— A description of the development of nephelometry, 
A new nepheloraeter and its nianii)ul.alion arc also described. 

S, S, Z. 

Estimation ol Phosphoric Acid. V. The Estimation of 
Phosphoric Acid as a Strychnine Phosphoric Acid- 
Molybdenum Compound. Special Phosphoric Acid 
Nephelometry and a New Method of Preparation ol the 
Strychnine-Molybdenum Reai^ent. Hans Klein HANN fBmclieni. 
Zcilic/i., 1919, 99, 150 — 190). .strychnine sulphate and sodium 
molybdate react in moderately concent rat ol hydrochloric acid solu- 
tion to form a clear, colourless, stable reagent, which is suitable tof 
the estimation of jihosiihoric arid; 0 1 0 i)lM)5 mg. of P.iOj can be 
estimated iii this way hv a nephelometric method with an error ol 
0-5%. ■ S. S. Z, 

Estimation of Minute Quantities of Arsenic by Titration. 

H. H. Green (./, i'. Afnrnn .Isaoc. Amtl. I'htm., Ih'.’O, 3, 3 -4) — 
Tor quantities of arsenic trioxide ranging from 0 05 to 5 mg., tlie 
solution containing the arsenic is treated as usual in a Marsh appS' 
ratus and the evolved gases are passed successively through a vessel 
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conUiniug lead acetate sointion and three vessels containing dilute 
silver nitrate solution. The content* of the silver nitrate vessels are 
then mixed, treated with sodium hydrogen carbonate, solid potass- 
ium iodide is added until the precipitated silver iodide has re-dis- 
solved, and the mixture is titrated with A’/oOO-iodine solution. Each 
0 . 0 . of the latter is practically equivalent to O'l mg. of arsenic 
trioxide. The black silver predpiUte need not be removed before 
the titration is made. W. P. S. 

Electrometric Analysis of Arsenicals. Ciusles S. Robisson 
and 0. B. Winter (7. Iml. Hmj. Vhem., 1920, 12, 775— 778).— The 
electrometric apparatus used -is essentially that described by Hille- 
brand (A., 1913, ii, 721), except that a mechanical stirrer is added 
and a reflecting galvanometer of the box type employed in place of 
the capillary electrometer. The titration of arsenic trioxide is made 
with iodine solution in the presence of sodium hydrogen carbonate, 
whilst arsenic pentoxide is titrated at 95° in 50% sulphuric acid 
solution with smlium iodide solution. The method is particularly 
suitable for the estimation of arsenic in coloured solutions. 

W. P. S. 

Estimation of Carbon Dioxide in Carbonates Insoluble 

in Water. C. S. Rowssos (.Sm7 .Sri., 1920, 10, tl— 47). - Estima- 
tions were made of the carbonate content of samples of limestone, 
marl, and soil. The first method used was that of Van Slyke (A., 
1919, ii, 78), The second method was a gasometric one, originally 
proposed for soluble carbonates by Van Slyke (A., 1917, ii, 422). 
A special form of cup nitrometer was used, with a tube and special 
stopper holding the weiglietl sample introduced between the end of 
the nitrometer and the levelling tube, which contained mercury. 
The apparatus having lieen freed from air, hydrochloric acid was 
introduced from the cup. After all the gas was evolved, its volume 
was ineasurerl and its weight calculated from tables piepared for the 
conditions of the determination. The gasometric method was the 
more accurate of tho two, but the Isrst method was to be prefeired 
for samples low in magnorinm carbonate. J. H. J. 

Micro-method for the Estimation oi the Carbon Dioxide 
of the Blood. Kroc.h and (i. I.iutsTR.tNu {Bmhi’m. Zcitsch., 
1920, 104, 300- -31.)).- Various modifications are introduced into 
Barcroft and llaidaiic s inethml for estimating the carbon dioxide 
of the l)lood (A., 1902, ii, -12-1) ; tV2.-.-0-3 c.c. of blood suffirej for 
two estimations, the "■»»" error of the result being ±0_b% “y 
volume 

Estimation of Potassium and Sodium Present Topther. 
A. Qi’artaroi.i (O'ocrr/frt, 1920. 50. ii, 64— 69).— The 'S- 

advantages of the ordinary methods for estimating separa e y 
potassium and sodium iiiav be overronie hy converting the "eig i 
mixture of the chlorides ililo nitrates and detenmmiig the melUng 
' 23—2 
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point of the mixed nitrates, first alone, and, secondly, after admix- 
ture with an equal weight of pure potassium nitrate ; the melting- 
point curve falls sharply from 336° (KNOj) to 220° (about 65% 
KNOj), and then rises sharply to 306° (NaNOj). If P represents 
the weight of the mixed chlorides and a the percentage of potassium 
nitrate in the mixed nitrates, as indicated by the melting point, 
then the weight of potasshun chloride in the weight P of mixed 
chlorides will be given by .r = 1 ’072301'/ (O' 0723a -f- 100). [See also 
J. Soc. Chem. Iml., 1920, October.] T. H. P. . 

Estimation o! Total Calcium in Soils and the Sig/nifi- 
cance oi this Element in Soil Fertility. 0. M. Shedd {Soil 
Sci., 1920, 10, 1 — 14). — A more rapid and accurate method than 
that already in use for the estimation of calcium in soils, and one 
in which the production of an ammonia precipitate, which occludes 
calcium, is avoided, is descriWd. One grarn of the sample is fused 
with fusion mixture and the silica separated iu the usual manner. 
The filtrate is made just alkaline with ammonia, and then just 
acid with hydrochloric acid, heated to the b. p., and precipitated 
with 1 — 2 grams of solid ammonium oxalate. The mixture is kept 
ou the steam-oveu for a few hours, and then at the ordinaiy 
temperature overnight. The precipitate is filtered and ignited, 
The o.xiile or carbonate is dissolveil in hot dilute hydrochloric acid, 
and bromine water and ammonia ad<lod to precipitate manganese. 
The solution is acidifierl with acetic acid, and the manganese filtered 
off. The filtrate is then rcl>re<'ipitated as before. 

Analyses by this luethoel of a large numWr of soils, both culti- 
vated and uncultivated, showed that cultivation lerl to a consider 
able loss of calcium. The more fertile soils contained the most 
calcium. The application to soils ]>oor in calcium of limestone or 
rock phosphate is beuciicial, on account of the calcium they supply 
as plant food, ajiart from aiiv other Ix-nefit they confer. 

J. H. J. 


Estimation oi Calcium in Small Quantities oi Blood 
Seram. Kenjamix Ku.vmkk and Joiix Howland {J. Biol. Ckm., 
1920, 43, 3-5—42*.- One or 2 c.c. of M?riun are evaporated to 
dryness in a platimim rruciblc and gently incinerated. The 
is dissolved in a small quantity of .V-hydrochloric acid, and the 
solution again evaporatetl to dn-nes^ and incinerated. The cr^'stal- 
line residue is readily soluble in not more than 1 c.c. of O l.V 
sulphuric aci<l, and this solution in ([uantitatively transferred to a 
special ty]>e of 2 c.c. calil>rated tube. After neutralisation hy 
anuiLonia and wanniiiif. the caleiam i.s jjj^'ijutated by an 
(0'3 c.c.) of O-LV-oxaiic acid in 0*or),V -sulphuric acid. The 
tion must be acid at this point. Heating is continued for a fe'f 
minutes, 0 1 c,c. of a ^atur^U-d solution of sodium acetate h addefl 
the tube is aell sbak<’n, and the volume is inado up to 2 0 cc 
After several hovir.--, tlie prtcipilato is filtered through a hard^ne^ 
filter, and the esces.i of oxalic acid iu 1 c c. of the filtrate r 
esUmated by titration with O Ol.V-polaasium jjermanganate 
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blank estimation on the reagents is necessary. The method appears 
to bo trustworthy. 

The results previously reported by Howland and Marriott (A., 
1918, ii, 21) on the calcium of the serum in infantile tetany are 
confirmed. J, C. D. 


Use oi Organic Solvents in the Quantitative Separation 
of Metals. III. Separation of Magnesium from Sodium 
and Potassium Chlorides. 8. Palkis (J, Amr. Ohm. Soe., 
1920, 42, 1618 — 1621. Compare A., 1917, ii, 43). — The method 
previously published for the separation of lithium from sodium 
and pot^ium (bw, (it.) has been modified and adapted to the 
separation of magnesium from sodium and potassium, The 
modified piethod depends on a progressive precipitation of the 
sodium and potassium chlorides from a concentrated solution by 
the use of alcohol and ether, and is divided into two stages: (i) in 
which all but a few milligrams is precipitated, and (ii) in which 
the last few milligrams are removed from solution. The estimation 
is carried out as follows; the total chlorides of magnesium, sodium, 
and potassium are dissolved in the minimum quantity of water 
(about 1'3 0.0. of water arc sufficient for O'o gram of substance), 
one drop of coiioentrated hydrochloric acid is added, and gradually 
25 C.C, of absolute alcohol are dropped into the liquid while 
rotatiim. The sodium and imtassium chlorides should precipitate 
in a umforiii granular iiju'iitioii. In a similar manner, 25 o.o. 
of ether are added, and the mi.xture is kept until the precipitate 
is agglomerated and the siiijernalant liquid nearly clear. The 
mixture is filtered, and the beaker and precipitate arc washed with 
a mixture of one part of alcohol and four parts of ether. The 
filtrate is evajioratcd to drvnes.s on a steam-bath; the residue is 
dissolved in 10 alcohol, one drop of coiioentrated hydro- 

chloric acid added, and the mixture warmed until practically 
everv-thiiio has dissolveil. The lieaker i.s then rotated and 50 c.o. 
of ether slowly added, and the mixture kept for twenty rainut^. 
The precipitate is collecteil on the same filter, washed with the 
ether-alcohol mixture, dried, ignited, and weighed. The filtrate 
containing the magnesium is eva|»rated nearly to dryness, dis- 
solved in 5-10 e.o. of concent rateil hydrochloric acid and a litUe 
water, sodium hydrogen jihosphate is added, and the estimation 
romnleted ill the usual way. The method has several advantages 
over the usual method, namely, (i) it affords a direct estimation 
of the sodium and potassium salts, iiiaaiuich as they are prfr 
oipitated first rather than after the magnesimii, (ii) the reagente 
used are volatile organ* solvent ^ .and (in) no foreign salt or base 
is introduced as a preedpitatiug agent. 

Magnesia Mixture. O.Kmsx {Ch(’n JnU l 


magnesia 


mixture" is prepared without the ^ 

ammonia, ^ may be kept for an indefinite period iii 
without the gla.4 being attacked, with the consequent formation 
of a iirecipitate in the reagent. The alseiice of amnimiia 
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interfere with the use of the reagent, for the precipitation of phos- 
phoric acid ; only a slight excess of the reagent should he employed, 
and ammonia added subsequently in sufficient quantity. 

W. P. S, 

Estimation o! Small Amounts oi Copper by the Iodide 

Method. H. F. BR.rnLEY (/. Jrul. Eng. Chem., 1920, 12, 800) 

The precipitate of cupric sulphide is washed, moistened with a 
few drops of concentrated zinc nitrate solution, and ignited. The 
residue of oxides is dia-olved in dilute hydrochloric acid (!’; 1), the 
solution neutralised with .5% potassium hydroxide solution, acidified 
with acetic acid, a small amount of phosphate solution is adde<l 
followed by 2 grams of sodium iodide, and the liiierated iodine is 
titrated. W, P. S, 

Estimation of Mercury in Urine. K. Faure (/. Pham, 
('him., 1920, [vii|, 22, SI S.l). One litre of the urine is heated 
under a reflux apparatus with 100 I'.c. of hydrochloric acid, and 
ti grams of ])olas.sium chlorate are adde<l in small quantities at a 
time during ,a period of about two hours. The solution is boiletl 
under the reflux apparatus to expel the greater part of the free 
chlorine, cooled, treated with sulphur dioxide, and again boiled. 
After filtration, the solution is treated with 15 c.c. of stannous 
chloride solution, heated for two hours on a water hath. ami at 
the end of twenty-four lioiirs the liquid is dei’antesl from the grey 
precipitate. The latter is treateel with a few c.c. of hydrochloric 
acid to cause the men-ury to i-ollect in a glohnle, which is washed 
with water, alcohol, ami ether, drie.1 over sulphuric acid, and 
weigherl. If the quantity of mcrciirv is very small, it may be 
collected on a goM-coated a.s'ifdos flter. a.s recommended liv 
Fani]). W. P, S. ' 

Some Microchemical Methods. .Vi.vrkd llRiiiidALL [Gnl. 
Mai/., 1920, 57, I'd.l 125). The following niicrochemical tests for 
iron and iiiaiigaiiese are descrihcii. (1) Ihtffdnn itf iron : The cover 
glass is removed, and the slide is cleansesl of liaKain, polished, again 
cleansed, .and w, armed. Reaction paper is prepareti by soaking pieces 
of white draw'ing paper in coin-i iitrateil hydrochloric acid and press- 
ing them in similar slieeia until no longer wet. An ammonium Ihio 
ca anate paper is siuiil.arlv pre]i,ired. The acid paper is carefully laid 
on the s^ion. mvere<l with a strip of cardboard on which is laid a 
hot iron for two or three minutes. After the slide h&.s dried, lbs 
thiocyanate paper is siiiiilarlv appUesl. pressetl in the cold, and again 
dricfl. The distribution of ferric iron is revealerl by a transparent 
hlooil re<l stain of ferric thiocyanate. Potasaiiim ferrocyanide airan 
larlv use<l gives an oiiaqne blue coloration which must he examin 
in reflected light. The melhrsl was found valuable in the exam”*' 
tion of the ‘ snolteil rocks" of Aiidlauthal, Vosges; of dark inn® 
sioiis in. end alterations of chiastolite; lamination in .shales, i m 
fication of magnetite, siderite, efc. f21 Thr fadon fed /"J ™ 

V -— )„ slides as follows : A slide is ground no' 
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and one aide polished. The slide is then detached from the glass 
slip, and cleansed from balsam and dried. It is allowed to soak for 
several minutes in a hot saturated solution of potassium carbonate 
and nitrate and dried. A thin wash of the solution is applied to the 
polished surface and allowed to dr)-. This surface is subjected to 
the f. p. tip of the blowpipe flame for a few minutes, and after 
cooling is slightly polished to level the veneer of the fusion. After 
remounting on the slide with the prepared surface downward, the 
section , is ground thin and examined by transmitted light. 
(3) Ohicnre bedding -planes and minute structures in chalk and 
Umetione may be revealed by differential solution of ground and 
polished sections in a bath of carbonated waters, a method approxi- 
mating to weathering. Chemical Aestbaots. 

The Adsorption of Copper Oxide and Nickel Oxide by 
Precipitates of Ferric Oxide. Eh. Topobesou (Compt. rmti., 
1920, 171, 303— 30")).— By the addition of ammonium hydroxide 
to a solution of a ferric salt containing in addition either a copper 
salt or a nickel salt a certain amount of copper oxide or nickel 
oxide is always adsorbed by the ferric hydroxide, the amount 
depending on the relative proportions of the two salts present and 
the amount of ammonium hydroxide added. These oxides cannot 
be removed from the ferric oxide by washing the precipitate or by 
treatment with concentrated ammonia solution. W. 6. 

Analysis of Zirconium Minerals. H. V. Thompson (Pottery 
Gai. 1920, 45, 767).— In. the analysis of xirconium ores two main 
diftiOTltiea’are encountered: (1) raw zirconium ores and products 
manufactured therefrom are not easily decomposed, and (2) the 
separation of aluminium from zirconium is not readily effected. 

is made of the fact that after fusion with sodium peroxide and 
decomposition of the fusion with water, the residue contains all tte 
iron titanium, and zirconium in the form of oxides together with 
some of the silica, whilst (he whole of the aluminium and the 
remainder of the silica are contained in the filtrate. This process 
possesses the advantage that zirconium and aluminium are auto- 
matically separated during the decomposition of the sample. 

Chemical Abstracts. 


Differential Analysis of Acetone, Acetaldehyde, and 
Formaldehyde in Organic Dicinids. Emmio PirrABELLi 
(.Irek, farm. .s>r. .1#.. 1920, 29, 70 -97). -^The various 

methods, depending on prmp.lation, coloration, or odour 
detection of acetone, aoetaldehvde, and formaldehyde are 
and disciiased as regards their application to fermented liquids, 
milk, urine, etc. In the examination of urine, the tree acetone may 
be separated by treatment with excess of Kesslers p ® 

combined acet;One by distilling the filtr<ate with an ac^n. 

Colour ReacUon of Milk in Presence of Formaldehyde. 

Artpko Rossi (Poll. Cliim. Farm.. 1920, 59, 265-268),-Thepre8- 
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enoe of formaldehyde in milk may be detected by adding 2 — 2-6 c.c. 
of the milk carefully to 2 c. 0 . of aulphurio add (D 1'820— 1'825) in 
a test-tube, so that the liquids mix as little as possible, and then 
shaking the tube rapidly; the liquid assumes a more or leas intense 
violet colour, according to the proportion of formaldehyde present.' 
The best conditions for the reaction vary with such proportion, the 
sensitiveness diminishing with more than 0'0005% of the aldehyde; 
in doubtful cases the samples to be tested may be diluted with pure 
milk. Other substances may bo examined for formaldehyde by sub- 
jecting them to distillation, mixing part of the distillate with pure 
milk, and applying the sulphuric acid reaction. Milk free from form- 
aldehyde sometimes gives this violet ooloration, but only after being 
in contact with the sulphuric acid for some hours. T. H. P, 

Estimation ol Minute Amounts of Acetone by Titration. 

Roger S. Hcbb.iRd (./. Biol. Client., 1920, 43, 43 — 56). — A modifi. 
cation of the Messinger titration method suitable for dilute solutions 
of acetone. The conditions necessary for an accurate estimation have 
been carefully worked out and are fully de.<5cribed. 

A method of successive distillation from acid, alkaline, and oxidis 
ing solutions is described, whereby acetone may be separated from 
much larger amounts of alcohol and other interfering substances, 

J. C, D. 

Estimation of Acetone in Expired Air. Roorr S. Hcubaru 
{./. Biol. Chetn.. 1920, 43, 57— C5).— The patient breathed for five 
or ten minutes through a mask or through a mouthpiece, the 
expired air passing through two bottles containing 75 c.c, of a 
freshlv prepared 2'5% solution of sotliiim hydrogen sulphite. For 
the removal of interfering substances the. contents of the bottles 
were distilleci succes-ively with lO't, scKliiim hydroxide solution, 
acidified [lotaasium permanganate solution, and a solution of ^iinii 
peroxide. In the final distillate, .acetone is estimated either by the 
method described above (preceding alwtract) or by the turbidity 
method, tisiug the .^colt-\Vilson reagent. J. C. I). 

Determination of Micro-reduction. H. (!. f'oiiEx Tervaibt 
(Zeilich. plii/»iol. t'hrm., 1920, 110, 41--54)-- The experiments 
here described show tliat Rang's lufKlitie*! inethoei for the inicroe.'-ti- 
mation of sugar in blood (,\., 191.8. ii, 278, 279; this vol.. ii, 199; 
compare also Maclean. 1916, i, 613; 1919. ii. 434) is applicable 
only when the liquid is heated for a definite time. 

The author describes a simple' method, consisting in oxid.ation by 
means of chromic .acid, which allows of the estimation of dextrose, 
lactose, and maltose. As nipasure<l by thi.s method, the reduction of 
the blood is higher than is indicated by the ordinary copper 
methods. Dextrose addeil to blood is estimate*! quantitatively by 
this method, T. II. P 

Micro-estimation of Dextrose by Bang's Method. 
Bebtbold OppieKR (Ztii-irh, phyttol, (‘hem., 1920, 109. 

The author has treUni this method (this vol,, ii, 199) with 
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of pure dextrose varying from 0-545 mg, to 0-027 mg., thd ratio 
between the weight of dextrose (mg.) and the number of c.c. of 
O Olil^-iodate solution inoreasing from 1:2-78 to l-MO whereas 
Bang and Hatlehoel (A., 1918, ii, 279) gave the constint value 
1:28 for tiiia ratio. No greater constancy of this ratio is achislW 
by the use of ste^ for boiling the solution. Hence, for the eetima- 
tioa.of dextr^ in the blood an empirical table is necessary. It is 
questionable if Bang’s method really suffices for the estimation of 
sugar m a few- drops of blood, and for the estimation of 1 mg. or 
leas of dextrose, Bertrand’s method is recommended. T. H. P. 

Estimation of Minimal Quantities of Dextrose, specially 

in Blood. H. C, Haoedobn and B. Kokman Jensbn (Ugeskrift 
for LocgtT, 1918, 80, 1217 — 1228). — The method, which gives con- 
cordant results, depends on the precipitation of proteins by zinc 
hydroxide, the reduction of potassium ferricyanide by dextrose, and 
the iodometric estimation of the excess of ferricyanide. Blood, 

0- 1 O.O., is added to a mixture of 5 c.c. of 0-45% hydrated zinc sul- 

phate solution and 1 c.c. of Jl'/lO-sodium hydroxide, the mixture is 
heated in a boiling water-bath for four minutes, cooled, and Sltered; 
the tube, precipitate, and 51ter are washed thrice with 3 c.c. of 
water. ’Two c.c. of a solution (1-649 grams of potassium ferri- 
cyanide and 28'6 grams of sodium carbonate decahydrate in one 
litre, which will keep in the dark for at least two months) are added 
and the mixture is heated in a boiling water-bath for Sfteen 
luinuMe. After cooling, 3 c.c. of a solution (5 grams of potassium 
iodide, 10 grams of hydrated zinc sulphate, and 60 grams of sodium 
chloride in 200 c.c.) and 2 c.c of 3% acetic acid are added, and 
the mixture is titrated with thiosulphate (1-24 grams of hydrated 
sodium thiosulphate in one litre, which must be standardised against 
pot^jpum ferricyanide or 0 flOo.V-potassium iodate). The difference 
between 2 c.c. and the volume of thiosulphate used is the volume 
of ferricyanide reduced by dextrose, the amount of which is deter- 
mined by the following figures, in which the volume of ferricyanide 
in o.c. is followed by the amount of de.xtroee in mg. : 0-10, 0-017; 

0'20, 0-035; 0'30, 0-053 ; 010, 0-070; O'oO, 0 088; 0-60, 0-106; 

0 70, 0-124; O’SO, 0-141; 0 90, 0 159; 1 00, 0-177; PIO, 0-195; 

1- 20, 0-214; 1-30. 0-232; 1-40, 0-251; I'oO, 0-270; PBO, 0-290; 

1-70, 0-310; 1-80, 0-331; 1 90, 0-355; 2-00, 0 384. 

Chesiical Absteacts. 

Improved Method for the Detection of Sugar, par- 
ticularly in Urine. Wacter 8. Haines, Giibeet P. Poed, and 
Raeph W. Webster (.7. Atnrr. iUi. .4ssoo., 74, 301— 302; from 
OJfm. Zentr., 1920, iv. 240— 241).— A modiSed Haines solution is 
recommended, for which copper sulphate (5 grams), glycerol (250 
C.C.), poUssiuin hydroxide granish or sodium hydroxide (14 3 
grams) are dissolved iit 1 litre with distilled water. The copper 
sulphate is dissolved in a wann mixture of water (250 oc.) and 
glycerol (2,50 c.c.); the alkali is dissolved separately in water 
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(200 O.O.), after which the solutions are mixed and made up to 
1000 c.o. Five c.o. of the solution are heated to boiling and treated 
in an inclined test-tube with 10 — 20 drops of urine, the phosphate 
of which has been precipitated and filtered after addition of 6 — 6 
di'ops of sodium hydroxide solution (5 — 10%). A red or yellow ring 
is immediately formed at the junction of the solution and urine if 
the latter contains more than 01% of sugar; if only O' 03% is 
present, the ring only appears after a few seconds, but, at any rate, 
witbin a minute. Smaller amounts of sugar, which then lia within 
physiological limits, cannot be detected, so that a positive result of 
the test indicates a pathological condition. H. W, 


lodometric Estimation of the Phenyl Derivatives of 
Arsenious Acid. Paul Fleury {Bull. Soc. chim., 1920, [iv], 27, 
699 — 704).--Iu continuation of previous work (this vol., i, 578) a 
method has been devised for estimating arsenic trichloride, phenyl- 
dichloroarsine, diphenylchloroarsine, and triphenylarsine in a 
mixture of the four compounds. 

A benzene solution of the mixture is extracted with aqueous 
sodium hydroxide, whereby arsenious acid and phenylarsenious 
acid are extracted. This extract is acidified with hydrochloric acid 
until its acidity is approximately .V 10, alcohol is added in equal 
volume, and the mixture is titrated with standard iodine solution. 
The iodine used is equivalent to the phenylclichloroarsine present 
in the original mixture. An excess of sodium hydrogen carbonate is 
added, and the titration is again completed. The further amount of 
iodine required is equivalent to the arsenic trichloride originally 
present. The benzene solution left after the extraction with alkali 
is titrated with standard ioiline solution, the amount required being 
equivalent to the diphenylehloroarsinn and triphenylarsine origin- 
ally present To the proiltiot from this titration an excess of aqpeous 
sodium hvdrogeii carbonate is adderl, and the whole is extracted 
with chloroform. The rhloroform extract contains triphenylarsine 
oxide, and if the .aqueous solution is now acidified and again 
extracted with "hloroform. the second extr.act will contain diphenyl 
arsenic acid, which may be obtained in a crystalline form on 
evaporation of the solvent, W. G. 


Estimation of Volatile Acids in Fermentation Products. 

G. Hin.ard (.-liirt. f'him. Annh/f.. 1929, fii], 2, 239---242).— Fifty 
c.c. of the liquid .are mixed with 10 e.e. of water and distilled, nO cc. 
of distillate being collected and titrated. Fifty c.e. of water are then 
added to the contents of the distilbation flask, and a second quantity 
of .50 ec. is distilled and titrate<l Those operations are repealed 
several times and a eiirve plotteil from the resiiUa; the asymptote 
of this ci.rve indicates the amoiiiit of alkali solution required tn 
neutralise the tot.al volatile .acids present. W. P. 8. 


Isolation of Formic, Acetic, and Lactic Acids. Issxosm 
iInodeRA (/f. r Ohrirn Inal, htntlu’. Fnrarli., 1917, i, 231—259; WW 
Chem. Zf.ntr.. 1920, iv. 271) - The three acids are extracted from 
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the mixed solution by means of ether. In one portion of the 
ethereal solution formic acid is titrated with permanganate, and, in 
this oxidised portion, the lactic acid is estimated as oxalic add. 
Acetic acid is removed from the decomposed solution by means of 
■ ether, and the extract is again distilled. The method is trustworthy,, 
and its accuracy is not indnenced by the presence of small amounts 
of propionic and butyric acids. H. W. 

• The Colorimetric Estimation of Tyrosine by the Method 
of Folin and Denis. Ross Aixas Gokt.veb and Geokoe E. Hoim 
(J. Amer. (Jherd. Soc,, 1920, 42 , 1678 — 1692). — Tyrosine cannot be 
estimated quantitatively in the products of protein hydrolysis by 
means of the phenol reagent of Folin and Denis (A., 1912, ii, 1012). 
Tryptophan, if present, will give an intense colour with the reagent, 
and indole and indole derivatives, as well as ferrous salts, also give 
the blue colour. It seems probable that other products of protein 
hydrolysis may also produce Hue colours with the phenol reagent 
Further, in the case of tyrosine itself the depth of colour varies with 
the relative proportion of reagent and tyrosine present, the colour 
values falling off sharply as the concentration of the tyrosine 
iiicrease.s. Protein hydrolysates imi.st not be decolorised with carbon 
or bone charcoal if they arc to be used subsequently for Ihe esti- 
mation of amino-.icid content, as tyrosine, tryptophan, and its 
decomposition products are adsorbed in appredable amounts by 
bone-black. Bone-ltlack itself contains some easily oxidisable 
malerial, which disisolves in acid sobtlions and then gives the blue 
colour with the |ihenol reagent. W. G. 

Estimation of Uric Acid by Clarification oi the Liquids 
bv means of Talc. E, Limri.ixo and C. Vai-iee (Compt. rend. 
.s’or flW.. 19211. 83, '93-- 79'); from Chrm. Zf.nir., 1920, iv, 217). 
_-A<portion of the uric acid is carried down by talc even from acid 
sointions. , 

AnalTtical Characters of Dichlorodiethyl Sulphide. Fiux 
Martin^ (J. I’hmn. I'him.. 1920, [vii], 22 , I6I-I60).— 
M'-Diohlorodiethvl sulpliide {‘iniistard gas'), after oxidation, 
rives the usual reaclitm for sitlphttnc ,acid. W hen a ana" quantity 
of the substance is heated with alcoholic potassium hydroxide solu- 
tion and the vapours protluced are pa.ssed nito Denigess reagent 
(an acid solution of mercuric sulphatel. a white " 

drilled - if the vapours arc absorlwl in water, the solution, 0 
treatment with .1 'Imp nf iwline solution, yields an odour similar 
to that of mercaptan Pichlormliethyl «.tph,de is 
water, and the solution yields a turbidity when treated with 
Grignard and Rivafs reagent (imbne 8 grams, 
tion 1 C.C., copper sulphate 0-8 gram, and water 33 . ^ ^ 

Behaviour of Phenolphthalein with Iodine and » Mettod 
for the Estimation of Phenolphthalein. Sahcel Pack^ 
hi Eng. Chem.. 1920. 12, T6G-T69) .-Investigation ot 
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action of iodine on phenolphthalein relative to the conditions 
governing the formation of tetraiodophenolphthalein and the 
physical properties of the latter, yielded information on which was 
based the following method for the estimation of the substance. 
The phenolphthalein is dissolved in 30% potassium hydroxide sola-' 
tion and a small quantity of water, 20 grams of ice are added, and 
then an excess of iodine reagent (10% of iodine in 15% potaAsium 
iodide solution, the free iodine Iwiiig then combined by the addi- 
tion of alkali). Concentrated hydrochloric acid is now added until 
precipitation is complete, more iotline is added if the liquid is not 
brown in colour, the precipitate is dissolved by the a;|ditiou o 
30% potassium hydroxide solution, and the precipitation and solu 
tion repeated three or four times. The final alkaline solution ii 
treated with 0'5 c.c. of 10% sodium sulphite solution, acidified witl 
hydrochloric acid, and extracted several times with acetone- 
cliloroform mi.xture (1:3); the united extracts are evaporated, tin 
residue of tetraiodophenol]dithalein dried at 100°, and weighed 
The weight inultiplierl by 0-3781 gives the amount of phenol 
phthalein present. P. S. 

Estimation of Codeine. II. E. Asnktt and Haridas Se; 
{Anali/st, 1920, 45 , S’-'l— 3'28).— The following method may b 
applied to opium, pure alkaloids, i>lant materials, etc., with suit 
able modification of the amounts of sul. stance ^aken. Ten graiiii 
of dry opium are mixed thoroughly with 4 grams of calcium hydr 
oxide and lOl) c.c. of water, the mixture stirred for thirty minutes 
filtereel. and 50 c.i’. of the t;;ir.ate are treatwl with 40 c.c. of '2', 
acetic acid and It) c.c. of basic le.ad acetate solution (1) 

After filtration, 75 c.c. of the filtrate are shaken with 2 grains ci 
calcium hydroxide for thirty minutes, the mixture filtered, ami 
50 c.c. of "the filtrate are extracterl with three successive qnantitift 
of 50 c.c. of toluene. The combined toluene extract is filtered 
and treated with drv hydroL’en chloride, avoiding any great excess 
of the latter. Codeine hydVochloride separates, and, after exce.s 
of hydrogen chloride has liccn exjielleil by a current of air, is 
collected," dissolved in water, the solution evaporated, and the 
residue of coileine hydrochloride dried and weigher!. 11. P. S. 

Colour Tests for Nitrates and Nitrites, Antipyrine (in 
Pyramidone), Phenol and Aniline, and a- and /3-Naphthols. 
A. Esciicil (./. l*h<trin. 1920, (viij, 22, 13.^ “141). — The 

authors colour test for nitrite.^ (.1 , 1918. ii, 27.i) gives uncertain 
results with natural waters rich in chloride.s. but the latter iiiay 
first be removed bv means of silver nitrate. When the nitrates of 
the water are to be rednc»>ri to nitrites by amalgamated aluininiiuii. 
this process must presvde the precipitation of chlorides. Mag- 
nesium, like aluminiiini, may lie activated by immersion in raerciirir 
cyanide solution ami ii.scd for rrsluciiig nitrates to nitrites, 
colour test is ilescnl>e<l for the detection of antip>riiie 
pyramidone, based on the prixbictiun of violet and re<l <-olora lo'c 
by conversion of siitii>yriiie into nilrosoantipyrine, and loria ion 
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of the latter with- lea^ peroxide. A very aensitive test for phenol 
in aqueous solutions is to treat 10 — 15 o.c. with five to ten drops 
of ammonia, 0-06— 01 gram of sodium persulphate, and four or 
five drops of iV/ 10-silver nitrate solution, A green coloration is 
-produced, which elfanges to blue or yellow, according as the con- 
centration of phenol was more or less than about O’Ofi gram per 
litre. ^ a-Naphthol diasolved in aqueous alcohol and treated with 
sodium nitrite and a few drop.s of acid mercuric sulphate solution 
gives a fine, red coloration and red precipitate, whilst 5-uaphthol 
gives a yellow precipitate. - J, H. L, 

Bstim&tion of Phenol in the Presence of certain other 
Phenols. Kooebt M. Ciupix (J. Ind. Eng. Chm., 1920, 12, 
771 — 775).— The method depends on the red coloration yielded by 
phenol with Milloii’s reagent when the mixture is heated in the 
jiresence of nitric acid ; most other phenols give yellow colorations, 
but ^-naphthoi gives a brow-ii. and salicylic acid a red, colour. It 
is necessary lo heat the mixture at 100'’ for thirty minutes in 
order to discharge the original red colour given by the other 
phenols and to allow the red colour of phenol itself to reach its 
full intensity. Various inoelilications of the method are described 
which are suitable for different requirements. The red coloration 
given by phenol may l-e reduced to yellow by the action of form- 
aldehyde, whilst ajiy yellow colour jirescnt originally is not affected. 
[See, further, J. ^oc. Chtm. hid.. 1920, 652a.] W. P. S. 

Method tor the Estimation oi Cineole in Eucalyptns Oils. 

T. TfSTlXG Co(K[.\-G (Phnrm. J., 1920, 106, 81 — 83).— Three 
grains of the eucalyptus oil. clrierl previously over calcium chloride, 
ate mi.xed with 2'i gram? of ocresol, and the solidifying point of 
the mixture is determined. 'The quantity of cineole present is 
ascertained by reference to a graph. W. P. 8. 

Estimation of Urea in Blood in Normal and Pathological 
Cases ; Comparative Results of the Hypobromite 
Xanthhydrol Methods. M. I.acuat {Cmpl. rend. Soc. Biol, 
1920, 83, 730 — 732; from Chi'rn. Zentr., 1920, iv, 68). — Consider- 
able errors are involved in the estimation of urea in blood by the 
hypobromite method, sim-e ammonia, uric acid, and creatine are 
decomposer! by- tlie re-rgeut to a greater or less extent. 
Xanthhydrol mi the olher hand, does not att-ack these substances. 

^ H. W. 

Estimation of Urea in. Blood by Xanthhydrol. W, 

llEs-niEZAT aud Mahthe Janet (f'ompt. rend. Soc. Biol., 1920, 
83. 763 — 764 ; from Chfin. Zentr., 1920, iv, 217). ^The expen- 
menta! conditions necessary for an e.Nact estimation have been 
investigated. , „ , t 

The xanthhydrol method is no longer exact, in a 1% solution o 
nrea; Tanret's reagent dissolves xauthyiurea. The serum (10 c.c.) 
is diluted to such an c.xtcnt that it contains about 0'5 gram of 
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urea per litre, treated with concentrated Tanret’s reagent (10 o.o.), 
and centrifuged. The clear liquid is treated under definite con- 
ditions with pure acetic acid and a 10% solution of xanthhydrol 
in absolute methyl alcohol ; after three hours, the xanthyloarhamide 
is filtered through a Gooch jcrucible, washed w^th absolute methyl, 
alcohol, dried at 70°, and weighed. H. W. 

Estimation oi Urea by Xanthhydrol. Fbeitkei;. .{Ann. 
Chim. Anal., 1920, [ii], 2, 234 — 239). — Ten c.c. of a 10% solu- 
tion of urine are treated with 35 c.c. of glacial acetic acid, artd 
1 c.a portions of 10% xanthhydrol solution (in methyl alcohol) are 
added at intervals of ten minutes until 5 c.c. have been introduced. 
After one hour, the precipitate formed is cellected, washed with 
alcohol, dried at 100°, and weighcrl; the weight is divided by 7 
to obtain the amount of urea. Other substances found in urine 
do not give a preoipit,ate with the reagent. The method may be 
applied to the estimation of urea in blood after this has been 
treated with mercuric chloride-potassium iodide reagent (mercuric 
chloride 2'71 gnuns. potassium iodide 7'20 grams, glacial acetic 
acid 66 c.c., and water 100 cc.), and filtererl. W. P. S. 

Micro-method for the Estimation of Urea in Blood and 
Organic Secretions. K. L. Gad-.Vvdhkskn {liiochem. Zeitsch, 
1919. 99. 1 -19).— -The proteins are pre<-ipitated with O’Ol.V-acetic 
acid in the t)re8ence of sorlium acetate, and thq urea is estimated 
in the filtrate with s()di\iin hvjiohromite. The nitrogen evolved 
is measured with Krogh's microrespirometer, and the result calcii. 
lated by itieans of Krogh's formula. A correction is made for the 
nitrogen evolved bv other substances. Only O'l c.c. or OT.c c.c. 
of blixKl is required. The o<-casional error is of the magnitude of 
O'o mg. per 100 c.c. Comparisous with the urease method showed 
good agreement. This methwl is applicable to blood and various 
secretions of the organism. It i- not suitable for the estimation 
of urea in muscle tissue. S. S. Z. 

Estimation of Hydrocyanic Acid. R. Leitcr Moibis 

(l'han)i. ./,, 1920. 105. .s.d — S.o). l.icbig's method (titration with 
silver nitrate solution) is trustworthy for the estimation of hydro- 
cvaiiic acid provi<led that the is nentr.ilisei! previously; any 
great exi-e.s, of alkali mn.-t la- avoidesl. an. I this is best attained 
bv lusitig Ixorax solnlimi in pl.a<'e (d smiiinn hydroxide for the 
neutralisation (Onerin s imMiitication). hxcess of Isorax does not 
interfere. Volhard's inethosl U us<'fiil in speeial eases, but entail' 
the separation of the silver cy.anide by liltralion Ixsfore the excess 
of silver nitrate ran Ixs titrated. Mohrs method (titration with 
silver nitrate after neutralis.ation' with magnesium oxide, ana 
using potAS.siurn rhrom.ate as iiulicatort. ami Deniges modification 
of Liebig s methixl (titration in alkaline solution, using poUssiiira 
iodide as indicator), are also tru.^tworthy. but in the hatter it i= 
essential to u,se a siiflicicnt ipiatltity of pot.as.Hium iodide, lor t' 
sad Gelis’ iodometrie methoil is suitable for the estimabon o 
oyanide in mercury cyanide. ^ 
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Hydrocyanic Acid in Phaseolus Innatus. J. A, SmrsoK 

(And. Acad. Ckn. Med. Fig. Nat. Ilaiam, 1918—1919, S5, 
250 — 283 ; Exjit. Sta. Uec. 42, 7). — ^To estimate hydrogen cyanide, 
the crushed beans were heated with dilute sulphuric acid, and the 
distillate was colle^ed in sodium or potassium hydroxide solution. 
This was heated with calcium polysulphide and titrated with 5% 
ferric sulphate until the colour pt ferric thiocyanate developed. 
With care, the method is accurate to 0 00001 gram HCN. Of the 
yarietiea e.xamin6d, “ Rangoon blanea ” gave 40 mg. HCN per 
100 (grams 1). Several gave between 3 and 8 mg. per 100 (grams !). 
The rest gave negative reeufe. Chemical Abstracts. 

Modiacation of the Van Slyke Method for Estimating 

Arginine, A. E. Koehler (/. Biol. Ckm., 1920, 42, 267—268).— 
Van Slykes method (compare A., 1916, ii, 62) is modified by draw- 
ing a slow current of air through the liquid during the digestion, 
the apparatus for absorbing the ammonia being a simple gas wash- 
bottle. W. G. 

Voltunetric Estimation of Diazo-compounds by Reduc- 
tion. Edhuhb Ksecht and Lko.vard Thompso.v (J. Soc. Dyers and 
Col., 1920, 36, 21.5- 219).-- Bcnzcnediazonium chloride in dilute 
hydrochloric acid solution may he titrated with titanous chloride 
solution, using H-acid as external indicator. The reaction requires 
two equivalents of hydrogen, and takes place without simultaneous 
formation of pheiiylazoimide and aniline. The titration may, 
also be carried out by adding an excess of titanium trichloride 
solution and titrating the excess with acid-green solution in the 
presence of sodium tartrate. Methods are also described for the 
titration of sodium p-uitroisodiazoheazene with titanium trichloride 
solution or sodium hyposulphite solution, [See, further, J. Soc. 
Chem. hid., 1920. 594A.j W. P. S. 

Proteins and Some New Methods of Investigating their 
Composition. A. C. Asdersem {K. Vet. LandbohojsloU Aarskrift, 
1917, 308—334 ; from Chem. Xailr., 1920, iv, 113).— Van Slyke’s 
method of analysing proteins is modified by separating the fifth 
fraction (amino-nitrogen) into two sub-fractions; the first of these 
contains glycine, alanine, serine, phenylalanine, tyrosine, valine, 
and the three isomeric leucines as motioamino-monocarboxylic acids, 
whilst the second comprises the monoamiiio-dicartoxylic compounds, 
aspartic and glutamic acids. When an aqueous solution of a 
mixture of these amino-acids is neutralised with sodium hydriKide 
in the manner recommended by Sorensen for the formaldehyde 
titration, the monoamiiio-nionocarbexylic acids, together wi 
proliue and oxyproiine, remain iiiicombined, whilst the monoammo- 
dicarboxylio acids react with one ^ulvalent of base. er 
evaporation of such a solution and incineration of the resi ue, 
jsodium carbonate is left in amount equivalent to the monqamm^ 
faicarboxylio acids present. Exact directions for jierfonmng^tlie 
pnalysee are given. 
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. Efft&wtiqn B^Nnatin in the Whole Blood, Fred 

fiAs (Bua/Sdc, chim. Biol., 1920, 8, 125— 132).— Two methods, 
de)>endiiig oh the transfcinnatioti of a mixture of oxyhsemoglohin 
and hmmatin into one of reduced haemoglobin and reduced alkaline 
hsimatin, or one of oarboxyhsemoglobin and^ reduced alkaline 
hawiatin, respectively, are described. The estimation is carried 
oak by ^ectrophotometrio means. J. C. D. 

A Method lor the Estimation of Methsemoglobin and 
Hsepdoglohin in Blood. W. S. MoEllroy (J. Biol. Ghenk, 1920, 
42, 397 — 300). — The total haemoglobin (methaemoglobin + haemo- 
globin) is determined coloripictrically as haemoglobin, using 
potassium ferricyanide to convert the haemoglobin into methaemo- 
globin. The oxygen capacity is determine<l by Van Slyke’s method 
(compare A., 1918, ii, 82), from which is calculated the haemo- 
globin. The difference between the two values is the amount of 
methaemoglobin. W. G. 

A Quantitative Method for Estimation of Vitamine, 

Roger J. Wili.hms (./. Biol. Vhem., 1920, 42, 259 — 265. Com- 
pare A., 1919, i, 4C3), — It has been shown that the number 
of yeast cells protiuoeii from a single cell in eighteen hours under 
given conditions is a measure of the amount of vitamine present 
(compare Bachmaiui, A., 1919, i, 613). The tnethod is now 
modiffed, and is gravimetria A culture solution containing 
20 grams of sucrose, 3'0 grams of ammonium sulphate, 2 0 grains 
of potassium phosphate, 1'5 grams of asparagine, 0’25 gram of 
calcium chloride, and O '.’a gram of magnesium sulphate in 1 litre 
of water is prepared. To 100 c.c. of this solution a known amount 
of the solution to bo tested is added, and the mixture is made up 
to 110 C.O. and pasteurised or sterilised. To this is added 1 c.c. 
of freshly made yea.st suspension containing 0 3 gram of fresh 
yeast per litre, and the whole is incubated for eighteen hours at 
30°. A little fonnaldehyde is added to stop growth, any growth 
of wild yeast on the surface is removed by a copper gauze scoop, 
and the ye|*t is then filtered off on a Gooch crucible, wa.sh(rf with 
water, dried at 103° for two hours, and weighed. The weight of 
yeast thus obtained minu.s the weight obtained in a coutrol i? 
directly proportional to the amount of vitamine added. The 
■ results are expressed as a “ vitamine nnmljer, ’ this being the 
number of milligrams of yeast prodiicesl by 1 gram of the material 
tested. It has l>ecn shown by experiment that nothing excepi 
vitamine in the small amounts n.=ed will materially improve the 
medium, which alrea<ly conUains asparagine in “ 

ammonium sulphate. 
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ANALYTICAL REAGENTS. 

Chemicals characterised by the letters “ A.R,” These 
Reagents are manufactured in our own Chemical Works 
under strict analytical control. They are supplied in 
bottles sealed with a neck-band, which should be un- 
broken when the package is received. The following 
is a facsimile of the style of label adopted. 



GRAHAM STREET, CITY ROAD. LOHOON, N, 


We, are also Manufacturers of 
"STANDARD" CHEKIICAIS for standardisation, 
additional to the “A.R.” Series. 

INDICATORS (synthetic organic) solid and solution. 
VOLUMETRIC SOLUTIONS, TEST SOLUTIONS, TEST'** 
PAPERS. 

SYNTHETIC DYES. STAINS AND REAGENTS FOR 

microscopy. 


Catalogue on application to:— 

THE BRITISH DRUG HOUSES, Ltd. 

: CHEMICAL DEPARTMENT), 

22 to 30, Graham St., City Rd., London, N. 1. 

Cfcemloal Works: Wharf Road, London, N. 1. 
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